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(C)  Parece  Vela  Basin  is  characteri;red  as  bottom  limited  and  high  bottom  lost 
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characterized  as  an  area  of  depth  excess  and  high  bottom  loss. 
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I.  INTRODUCTION 


(C)  CHURCH  STROKE  II > Cruise  5,  was  conducted  in  November  and  December 
1977,  in  the  Philippine  Sea.  The  planning  for  Cruise  5 of  the  exercise 
was  presented  in  "Exercise  Plan  for  CHURCH  STROKE  II  Cruise  5"  (U).^ 
Acoustic  measurement  systems  deployed  included  the  LAMDBA  (large  aperture 
mobile  data  base  array)  systems,  two  PAR  (programmable  acoustic  receiver) 
systems,  and  two  ACODAC  (acoustic  data  capsule)  systems.  Data  recorded 
on  the  PAR  and  ACODAC  systems  have  been  processed  at  ARL:UT  under  this 
contract.  The  subjects  of  this  report  are  bottom  loss,  propagation  loss, 
and  ambient  noise  measurer..euts  from  both  the  ACODAC  and  PAR  systems. 
Figure  1.1  presents  the  locations  of  sites  from  which  data  have  been 
processed;  these  data  were  acquired  on  15-20  November  at  Site  B,  27-29 
November  at  Site  EN,  and  17  November  at  Site  C. 


(U)  The  data  objectives  of  the  ACODAC  were  bottom  loss  versus  angle  and 
frequency;  propagation  loss  and  signal  excess  versus  source  range  and 
depth,  and  receiver  depth;  ambient  noise  as  a function  of  wind  speed  and 
receiver  depth;  and  the  effects  of  extended  bottom  limited  propagation 
conditions  in  the  Philippine  Sea  on  ambient  noise  and  propagation  loss. 

The  data  objectives  of  the  PAR  were:  sensor  performances  for  omnidirectional, 

vertical  line  arrays  (VLA),  and  DIFAR  sensors  based  on  ambient  noise  and 
cw  projector  tows.  The  recorded  data  have  been  processed  at  ARL:U1‘  using 
computer  programs  operating  upon  digitised  samples  of  the  recorded  data. 

(U)  The  main  purpose  of  this  report  is  to  present  the  processed  data 
obtained  from  the  ACODAC  and  PAR  deployments  during  Cruise  3;  observations 
and  analyses  are  presented  in  Chapter  6 of  this  report.  The  complete 
set  of  measurements  is  stored  on  digital  computer  tapes,  which  are  available 
to  CHURCH  STROKE  11  technical  investigators. 
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(U)  ACODAC  rocording  systems^  were  deployed  at  Sites  B and  EN  to  record 
ambient  noise  and  cw  and  SUS  propagation  events.  Each  ACODAC  was  set  up 
to  record  12  data  channels  and  2 time  code  channels.  At  Site  B the  ACODAC 
recorded  for  5 days  and  at  Site  EN,  for  10  days. 

(U)  PAR  recording  systems'^  were  deployed  at  Sites  B,  C,  and  EN  to  record 
cimbient  noise  and  cw  propagation  events.  Each  PAR  was  set  up  to  record  one 
time  code  channel,  and  13  data  channels:  11  omnidirectional  channels  and 

2 horizontally  directive  channels.  The  PARs  recorded  for  6 days  at  Site  B, 

2 days  at  Site  C,  and  over  10  days  at  Site  EN. 

(U)  The  same  ACODAC  hydrophone  configuration  was  used  at  Sites  B and  EN. 
This  configuration  is  shown  in  Fig.  1.2.  Hydrophone  1 rested  on  the 
bottom  and  hydrophones  2 through  8 were  distributed  ttiroughout  the  lower 
1000  ra  of  the  water  column.  Hydrophones  9 and  10  were  well  up  into  the 
sound  channel.  The  receiving  sensitivities  of  hydrophones  8 aixd  10  were 
appropriate  to  measure  SUS  events,  while  the  sensitivities  of  the  remaining 
hydrophones  were  appropriate  to  measure  the  cw  events  and  ambient  noise. 
Probleais  with  the  ACODAC  recordings,^  however,  limited  the  data  processed 
to  data  from  one  uncalibrated  SUS  hydrophone  (No.  8)  at  both  sites  and  five 
cw/AN  hydrophones  (No.'s  2,  3,  4,  6,  and  7)  at  Site  EN  only.  As  will  be 
discussed  in  Chapters  II  and  III,  these  recording  problems  meant  that 
calibrated  total  propagation  loss  measurements  from  SUS  sources  could  not 
be  made  (they  have  been  estimated).  However,  bottom  loss  measurements 
could  be  made  from  the  SUS  sources  recorded  on  the  cw/AN  hydrophones. 

Within  the  constraints  of  these  problems,  the  available  data  which  were 
processed  should  be  good  enough  to  achieve  most  of  the  ACODAC  objectives. 

(U)  A single  hydrophone  array  configuration  was  used  for  all  PAR 
deployments.  This  configuration  is  shown  in  Pig.  1.3.  Hydrophone  1 was 
IS. 2 a off  the  bottom.  Hie  remaining  omnidirectional  hydrophones  (2-4 
and  7-13)  were  uniformly  spaced  3.8  m (12. S ft)  from  the  adjacent  hydro- 
phones. ITie  directional  hydrophones  S and  6 were  located  in  close  proximity 
to  omnidirectional  hydrophone  7.  All  of  the  PAR  hydrophones  were  set  up 
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(U)  with  receiving  sensitivities  appropriate  for  measuring  the  cw  and  ambient 

4 

noise  events.  Problems  with  the  P.4R  recordings,  however,  limited  any 
processing  to  the  omnidirectional  data  at  selected  time  intervals. 

Although  sensor  performance  comparisons  were  unattainable,  the  quality  of 
the  available  data  warranted  processing  of  selected  time  intervals  to 
supplement  the  ACODAC  data  set. 

(U)  The  times  of  events  during  which  the  ACODACs  were  recording  are 
presented  in  Figs.  1.4  and  1.5.  The  times  when  the  PAR  systems  were 
recording  are  shown  in  Figs.  1.6  and  1.7.  The  shaded  areas  in  these 
figures  indicate  the  times  and  events  which  were  processed  and  are  reported 
here. 


(C)  Ambient  noise  and  cw  propagation  data  were  processed  for  Sites  B,  C, 
and  EN.  At  each  of  these  sites  data  from  only  one  PAR  hydrophone  was 
processed.  At  Site  B,  data  from  three  ACODAC  hydrophones  were  also  pro- 
cessed for  ambient  noise.  The  ACODAC  data  from  all  five  working  cw/AN 
hydrophones  at  Site  EN  were  processed.  These  data  were  analyzed  in  narrow- 
band  spectra  with  a frequency  resolution  of  0.147  Hz  over  the  system  band- 
width of  10  to  500  Hz.  One  power  spectrum  per  minute  was  produced  and 
stored  on  digital  tape.  Additional  processing  details  are  given  in 
Appendix  A. 

(U)  The  SOS  data  at  Site  B and  the  aircraft  SUS  event  at  Site  EN  were 
processed  for  propagation  loss  and  bottom  loss.  These  shot  data  were 
analyzed  in  1/3  octave  bands  between  12.5  Hz  and  600  Hz  using  the 
techniques  given  in  Appendices  B and  C.  As  mentioned  above,  problems  with 
the  ACODAC  recording  system  prevented  calibrated  measurements  of  propaga- 
tion loss  from  the  SUS  sources. 


(C)  Bottom  loss  and  propagation  loss  computed  from  the  SUS  data  were 

5 

calculated  using  source  levels  published  by  Gaspin  and  Shuler.  The  cw 
propagation  loss  calculations  were  based  on  the  source  levels  presented 
in  Table  I-l  for  the  short  ranges  at  Site  B,  and  in  Table  1-2  for  all 
other  tows.  Ancillary  exercise  data  sources  are  listed  in  Refs.  6-11. 
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TABl,!';  I-l 

SITE  B - SHORT  RANOE  ACOUSTIC 
SOURCE  LEVEC^ 


Rag)»t‘  Interval 
(km) 

0-22 

22  - 37 


Level 


(clB//uPa) 

155 

If>5 


(U) 


TABLE  1-2 

ACOUSTIC  PROJECTOR  SOURCE  LEVEL*’ 


Ercqueuey 

(H2) 


Level 

(dE//uPa) 


6 7 


174 


1^7 


172 


a 
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II.  SITE  B ENVIRONME.\TAL  ACOUSTIC  DATA 


(C)  Figure  2.1  prcsenCs  the  Site  B location  and  the  SUS  shot  run 

processed  for  this  site.  The  site  location  was  14*54. 5'  N,  141“31.2' 

the  SUS  source  event  commenced  at  0740,  15  November  1977,  and  was  concluded 

at  1716,  16  November  1977.  This  run  was  on  an  approximate  bearing  of  340* 

relative  to  the  site.  Tae  data  processed  was  for  a range  interval  extending 

7 B 

from  35  km  to  500  km.  * The  entire  event  was  conducted  within  the  bottom 
limited  basin  shown  in  Fig.  3.1. 

(U)  Shots  detonated  at  depths  of  01  m and  244  m and  received  at  a 
hydrophone  depth  of  3572  m (1000  m off  the  ocean  floor)  have  been  analyzed. 
There  were  two  hydrophones  deployed  at  this  depth.  One  hydrophone  with 
a nominal  receiving  sensitivity  of  -151  dB//V/tiFa  was  designed  to  measure 
the  shot  data,  and  another  hydrophone,  with  a nominal  receiving  sensitivity 
of  -128  to  -98  dB//V/wPa  (varying  gain)  was  designed  Co  measure  ambient 
noise  and  cv  data. 

(U)  Tt‘.e  predeploymenc  calibration  signals  for  the  shot  hydrophone 
exceirided  the  saturation  level  of  the  recording  tape,  and  therefore  the 
data  received  this  hydrophone  was  uncallbraCed.  Since  the  high  sensi- 
tivity hydrophone  was  designed  to  measure  ambient  noise,  the  peak  level  of 
the  first  arid  secotul  multipath  artivals  of  almost  all  of  the  shots 
saturated  the  tape  recordings.  Bottom  loss  measurements  were  made  using 
the  unsaturaled  higher  order  arrivals  received  on  the  ambient  noise  hydro- 
phones. However,  total  propagation  loss  could  not  be  accurately  measured 
because  of  the  above  problems.  To  get  an  estimate  of  total  pvopagation 
loss,  data  from  both  the  shot  hydrophone  and  the  ambient  noise  hydrophone 
have  been  processed  for  propagation  loss.  Tt.e  data  from  the  shot  hydrophone 
(uncalibrated  though  uusaturated)  have  been  plotted  as  relative  sound 
pressure  level  (SFL)  to  present  the  structure  of  the  propagation  loss  as 
a function  of  range.  Ttte  data  from  the  ambient  noise  hydroptrone 


CONFIDENTIAL 

I noi  “ mjo 


1 


CONFIDENTIAL 


FIGURE  H.l 
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(U)  (calibrated  though  saturated)  have  been  plotted  as  propagation  loss  to 
provide  an  upper  bound  on  the  propagation  loss.  All  of  the  propagation 
loss  data  have  been  plotted  with  symb<  Is  to  indicate  the  signal-to-noise 
ratio  (S/N)  within  the-  measurement  band.  The  meaning  of  each  symbol  is 
given  below. 


X:  S/N  > 3 dB, 

+:  0 dB  1 S/N  < 3 dB, 

S:  Saturation  on  some  peaks, 

n;  -3  dB  < S/N  < 0 dB,  and 
A:  S/N  < -3  dB. 


The  term  saturation  refers  to  recorded  shots  which  have  a peak  amplitude 
exceeding  the  maximum  recording  level. 

(C)  The  INDIAN  SEAL  towed  a cw  projector  approximately  along  the  345® 
radial  of  Site  B from  1740  18  November  to  1200  19  November  1977.  The 
tow  itarted  at  a range  of  180  km  and  finished  at  the  site.  Data  recorded 
on  the  PAR  during  this  time  interval  have  been  processed  :or  cw  propagation 
loss  and  ambient  noise.  The  hydrophone  had  a nominal  receiving  sensitivity 
of  -138  to  -96  dB//V/uPa  and  was  at  a depth  of  4542  m (30  lu  above  the  bottom) 
At  ranges  greater  than  36  km  the  source  depth  was  18  m,  while  at  closer 
range  the  source  was  at  91  m. 

2.1  Bottom  Loss  at  Site  B 


(U)  Bottom  loss  measurements  are  presented  as  the  loss  per  bounce  as  a 
function  of  bottom  grazing  .angle;  the  data  processing  is  given  in 
.Appendix  B.  The  bottom  loss  mea.surements  for  each  multipath  arrival  are 
presented  in  Figs.  2.2  and  2.3.  The  symbol  plotted  for  a given  measure- 
ment i.ndlcates  the  total  number  of  bottom  bounces  for  that  arrival. 

(U)  A scalloping  effect  can  be  seen  in  the  25  Hz  and  50  Hz  bottom  loss 
measurements  from  the  91  m SUS  (Fig.  2.2).  It  is  felt  Chat  the  bottom  lots 
does  not  actually  follow  such  a pattern.  This  type  of  behavior  arises  from 
small  discrepancies  between  the  values  of  parameters  such  as  source  range 
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(U)  or  source  depth  which  were  used  for  data  reduction  and  the  actual  value(s) 

during  the  experiment.  One  may  understand  this  by  considering  the  propagation 
loss  measurements  and  reference  calculations  going  into  Figs.  2.2  and  2.3; 
the  material  of  Appendix  C and  Ref.  12  are  relevant  to  this  consideration. 
Figure  2.4  presents  the  calculated  reference  propagation  loss  as  a function 
of  bottom  grazing  angle  (see  Appendix  C).  The  scalloping  in  this  figure  is 
due  to  surface  image  interference  (Lloyd's  Mirror  Effect).  In  Fig.  2.5 
the  individual  measured  arrivals  are  seen  to  be  blurred,  due,  probably,  to 
problems  in  the  experiment.  For  example,  variations  in  the  source  depth  or 
the  navigation  data  result  in  slight  errors  in  predicting  the  bottom  angle 
of  a given  arrival  and  blur  the  effects  of  the  surface  image.  In  turn, 
this  results  in  a slight  scalloping  in  the  measured  bottom  loss  curves, 
as  in  Fig.  2.2;  the  influence  of  this  effect  is  diminished  by  averaging 
over  grazing  angle. 

(U)  Figure  2.6  presents  the  average  bottom  loss  at  Site  B.  Data  from  the 
two  source  depths  were  combined  and  then  averaged  in  3“  bins.  These 
averages  have  been  plotted  at  the  midpoint  of  the  angular  bln.  Table  II-l 
presents  these  average  values  along  with  the  standard  deviation  and  the  number 
of  points  used  in  each  average. 

(U)  The  bottom  loss  measurements  were  limited  to  bottom  grazing  angles 

less  than  35®;  the  arrivals  predicted  at  angles  greater  than  35®  were  not 

detectable  in  the  shots  processed.  For  example.  Fig.  2.7  shows  the  envelope 

of  one  of  the  Site  B SUS  arrivals.  Bottom  reflection  angles  calculated  for 

that  shot  are  shown  in  the  figure.  As  may  be  seen,  the  arrivals  at  angles 

above  35®  become  abruptly  absent,  lliis  is  consistent  with  known  sediment 

13 

thickness  in  the  Site  B basin  which  is  approximately  350  m.  Assuming 
typical  sound  velocity  gradients  in  the  sediment,  one  may  calculate  that 
rays  steeper  than  35*  at  the  bottom  will  fully  penetrate  the  sediment  and 
be  scattered  from  the  basalt  basement.  For  that  reason,  at  angles  above 
35*  it  is  recommended  that  10  to  15  dB  of  bottom  loss  be  assumed,  as 
indicated  in  Table  II-l. 
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(C) 


TABLE  II- 1 


AVERAGED  BOTTOM  LOSS  DATA  CHURCH  STROKE  II  - SITE  B (U) 

91  m and  244  m SUS 
Receiver  Depth  - 3572  m 
Bounces  3-12 


25  Hz  50  Hz 


Grazing  Angle 

Std 

Number 

Grazing  Angle 

Std 

Number 

Interval- 

•Deg 

Mean 

Dev 

Samples 

Interval 

-Deg 

Mean 

Dev 

Samples 

0 

5 

-0.3 

1.5 

312 

0 

5 

1.2 

1.7 

357 

5 

10 

0.3 

0.8 

672 

5 

10 

1.1 

0.6 

831 

10 

15 

0.4 

0.6 

627 

10 

15 

1.3 

0.4 

681 

15 

20 

0.8 

0.5 

375 

15 

20 

1.2 

0.4 

390 

20 

25 

0.5 

0.7 

414 

20 

25 

1.4 

0.5 

447 

25 

30 

0.5 

0.7 

357 

25 

30 

1.7 

0.5 

369 

30 

35 

1.8 

0.8 

93 

30 

35 

2.7 

1.0 

99 

35 

40 

4.5 

0.5 

6 

35 

40 

5.5 

1.0 

9 

100  Hz 

200  Hz 

Grazing  Angle 

Std 

Number 

Grazing  Angle 

std 

Number 

Interval- 

-Deg 

Mean 

Dev 

Samples 

Interval-Deg 

Mean 

Dev 

Samples 

0 

5 

1.7 

1.8 

276 

0 

5 

1.8 

1.6 

243 

5 

10 

2.1 

0.7 

453 

5 

10 

2.3 

0.8 

435 

10 

15 

2.1 

0.5 

408 

10 

15 

3.2 

0.8 

213 

15 

20 

2.3 

0.4 

261 

15 

20 

4.0 

0.7 

135 

20 

25 

2.8 

0.5 

294 

20 

25 

4.7 

1.0 

156 

25 

30 

3.4 

0.5 

258 

25 

30 

5.7 

1.0 

153 

30 

35 

4.6 

1.1 

78 

30 

35 

6.4 

0.7 

39 

35 

40 

6.6 

1.0 

9 

35 

40 

7.6 

0.0 

3 

400  Hz 

Grazing  Angle 

Std 

Number 

Interval- 

-Deg 

Mean 

Dev 

Samples 

0 

5 

2.8 

1.7 

207 

NOTE  5 

Arrivals  above 

40® 

grazing 

5 

10 

3.2 

1.2 

168 

angles  not  detected 

. 

10 

15 

5.0 

0.9 

54 

Recommend  using  12  dB  loss 

15 

20 

6.1 

1.3 

45 

above 

40®  at  all  frequencies 

20 

25 

6.7 

1.8 

75 

25 

30 

7.8 

1.9 

69 

30 

35 

9.2 

0.2 

15 

35 

40 

8.8 

0.0 

3 
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FIGURE  2.7 

ENVELOPE  OF  244  m SUS  AT  40  nmi  RANGE 
FROM  CHURCH  STROKE  I-SITE  B 
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2.2  Propagation  Loss  at  Site  B 

(U)  Since  there  were  no  calibrated  SUS  propagation  results  because  of 
equipment  problems,  we  are  presenting  two  types  of  results  here  to  provide 
a picture  of  SUS  propagation  in  the  area. 

(U)  The  SUS  hydrophones  were  approximately  calibrated  by  matching  the 
levels  received  at  the  SUS  hydrophone  and  the  ambient  noise  hydrophone 
at  the  same  depth.  Only  individual  SUS  multipath  arrivals  which  were  not 
saturated  on  the  ambient  noise  hydrophone  and  which  had  a positive  S/N  on 
the  shot  hydrophone  were  used.  Figures  2.8  through  2.13  show  estimated 
propagation  loss  as  measured  from  the  uncalibrated  shot  hydrophone  channel. 

On  these  figures,  all  results  at  a given  frequency  are  comparable.  For 
example,  the  differences  between  propagation  losses  from  the  91  m and 
244  m SUS  at  25  Hz,  seen  in  Fig.  2.8,  are  accurate.  The  source  depth 
dependence  of  these  results  arises  from  the  fact  that  the  area  is  bottom 
limited.  The  244  m SUS,  but  not  the  91  m SUS,  are  below  the  conjugate 
depth  of  the  sound  velocity  profile.  From  the  244  m SUS,  bottom  refracting 
(vice  only  bottom  reflecting)  propagation  is  possible;  hence,  the  convergence 
zone  structure  in  the  244  t.  source  data. 

(U)  As  an  estimate  of  this  lower  bound  of  propagation  loss,  measurements 
from  the  saturated  AN/cw  hydrophone  channel  are  given  in  Figs.  2.14 
through  2.20.  An  *'S"  symbol  means  that  some  of  the  multipath  arrivals  from 
a shot  saturated  the  recording,  while  other  portions  of  the  signal  were 
properly  recorded.  Notice  that,  because  of  signal  saturation,  the  con- 
vergence zone  structure — the  periodic  high  signal  levels  of  the  244  m 
data — seen  in  Figs.  2.8  through  2.13  is  absent  in  Figs.  2.14  through  2.20. 

(U)  Table  II-2  summarizes  the  cw  projector  data  from  the  PAR  system  at 
Site  B;  67  Hz  and  197  Hz  tones  were  broadcast  for  the  entire  range  oi 
180  km.  At  a range  of  22  km  the  source  level  for  both  frequencies  was 
increased  by  approximately  10  dB.  At  37  km  the  source  level  was  again 
Increased  by  10  dB  aiul  the  source  depth  was  decreased  from  91  m to  18  m. 
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FREQUENCY:  25  Hz 
SOURCE  DEOTH:  91 
RECEIVER  DEPTH: 
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300 

400  500 
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i 

FREQUENCY:  25  Mz  j 

SOURCE  DEPTH:  244  m 

RECEIVER  DEPTH:  3572  m 

' 1 , 

RANGE  - kM 

FIGURE  2.8 

ESTIMATED  PROPAGATION  LOSS  AT  25  Hz 
CHURCH  STROKE  H-S1TE  g(U) 

91  m AND  244  m SUS 
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FREQUENCY:  63  H2 
SOURCE  DEPTH:  91  m 

RECEIVER  DEPTH:  3572  m 


FREQUENCY:  63  Hz 
SOURCE  DEPTH:  244  m 
RECEIVER  DEPTH:  3572  » 


range  ~ km 

figure  2.IC 

ESTWATEO  propagation  loss  at  63  Hi 
CHURCH  STROKE  H SIT£8{U) 

91  m and  244  m SUS 
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FREQUENCY:  100  Hz 

SOURCE  DEPTH:  91  m 
RECEIVER  depth:  3572  m 
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FREQUENCY:  100  Hz 

SOURCE  DEPTH:  244  m 
RECEIVER  DEPTH:  3572  m 
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FIGURE  2.11 

ESTIMATED  PROPAGATION  LOSS  AT  100  Hz 
CHURCH  STROKE  I- SITE  B(U) 

91  m AND  244  m SUS 
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FftEQUENCY:  400  H2 
SOURCE  DEPTH:  91  m 
RECEIVER  DEPTH:  3572  m 


FREQUENCY:  400  Hz 
SOURCE  DEPTH:  244  ra 
RECEIVER  depth:  3572  m 


RANGE  - km 

FIGURE  2.13 

ESTIMATED  PROPAGATION  AT  400  Hz 
CHURCH  STROKE  H-SITE  B(U) 

ARU.yT 

KCF-  CA 
13.12^78 

91  m AND  244  m SUS 
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FIGURE  2.14 

PROPAGATION  LOSS  AT  25Hz*(U) 
CHU-^CH  STROKE  SITE  B 
9 1 m AND  244  m SUS 
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FREQUENCY;  50  Hz 
SOURCE  DEPTH;  91  m 
RECEIVER  DEPTH:  3572  m 


SYMBOLS 
S-^>3dB 
♦:  0dB<S-1^<3dB 
ii:  -3  dB<S/M<0  dB 
s:  Saturation  on  Peak 


FREQUENCY:  50  Hz 

SOURCE  DEPTH;  244  m 
RECEIVER  DEPTH:  3572  m 


SYMBOLS 
•;  S N>3  dB 
*:  0 dB<S  NS3  dB 
-3  dB<S  N<0dB 

s;  Saturotion  on  Peak 


RANGE  - km 

FIGURE  2.15 

PROPAGATION  LOSS  AT  50  Hz*(U) 
CHURCH  STROKE  SITE  B 
91  m AND  244  m SUS 
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FIGURE  2.16 

PROPAGATION  LOSS  AT  100  Hz*  (U) 
CHURCH  STROKE  SITE  B 
91  m AND  244  m SUS 
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SYMBOLS 
S/N>3dB 
♦ : 0dB<S/N<3dB 
□;  -3dB<S/N<0dB 
s;  Saturation  on  Pealc 


FREQUENCY:  160  Hz 

SOURCE  DEPTH:  91  m 
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FIGURE  2.17 

PROPAGATION  LOSS  AT  180  Hz*  (U) 
CHURCH  STROKE  SITE  B 
91  m AND  244  m SUS 
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FIGURE  2.18 

PROPAGATION  LOSS  AT  200  Hz*  (U) 
CHURCH  STROKE  SITE  B 
91  m AND  244  m SUS 
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SYMBOLS 
k:  S/t'4>3dB 
+ : 0dB<S/4J<3dB 
q;  -3dB<S/N<0dB 
s:  Saturation  on  Peak 


FREQUENCY:  315  Hz 
SOURCE  DEPTH:  91  m 
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FIGURE  2.19 

PROPAGATION  LOSS  AT  315  Hz*  (U) 
CHURCH  STROKE  SITE  B 
91  m AND  244  m SUS 
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SYMBOLS 
«:  S,4^>3dB 
+:  0dB<S/N<3dB 
□:  -3  dB<S.N<0  dB 
s:  Saturation  on  Peak 


FREQUENCY;  400  Hz 
SOURCE  DEPTH:  91  m 
RECEIVER  DEPTH:  3572  m 
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FIGURE  2.20 

PROPAGATION  LOSS  AT  400  Hz*  (U) 
CHURCH  STROKE  SITE  B 
91  m AND  244  m SUS 
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(C)  TABLE  I 1-2 

CHURCH  STROKE  II  - Site  B 
Projector  Tow  Summary  (U) 


Range 

Interval 

(km) 

Source 

Depth 

(m) 

Source  Level  (dB) 
67  Hz  197  Hz 

Propagation  Loss 
Figure  Number 

0-22 

91 

155 

155 

2.21 

22  - 36 

91 

165 

165 

2.21 

37  - 180 

18 

17A 

172 

2.2? 

U M — ■ II 

s 
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(U)  Propagation  loss  for  the  91  m source  is  presented  in  Fig.  2.21;  propagation 
loss  for  the  18  ni  source  is  presented  in  Fig.  2.22, 

(U)  Signal  excess  and  ambient  noise  level  (in  an  adjacent  frequency  band) 
during  the  projector  tows  at  Site  B are  presented  in  Figs.  2.23  through 
2.26.  Both  the  91  m and  18  m source  depths  are  included  in  these  figures. 

2.3  Ambient  Noise 

(C)  Data  were  selected  from  PAR  channel  4,  from  a hyuropiione  iJO  ra  above 
the  bottom,  for  the  time  periods  322/0000  through  324/0600.  Selected 
1/10  octave  band  time  series  for  that  channel  are  shown  in  Fig.  2.27. 

The  merchant  ship  J.ICD  was  identified  during  this  time  and  will  be  dis- 
cussed in  Chapt.jr  V on  ship  signatures.  Percentile  spectral  levels  for  this 
period  are  shown  in  Fig.  2.28;  at  50  Hi:  the  median  level  Is  near  74  dB 
and  the  minimum  level  was  found  to  be  63  dB.  During  this  period  the 
dynamic  range  in  level  covered  40  dB  across  most  of  the  spectrum. 

Included  in  Fig.  2.28  is  the  system  electronic  noise  spectrum,  which  can 
be  used  to  as.sess  where  the  data  are  corrupted  by  electronic  noise. 

(C)  Data  from  tiie  time  period  330/0000  througii  320/ ’200  was  selected 
for  three  channels  from  the  ACODAC  to  study  depth  dependence  of  Che  noise. 
PAR  data  during  the  same  period  were  al.so  processed  to  crosscheck  calibra- 
tion between  the  two  systems.  The  1/10  octave  band  time  serie.s  t,jllowed 
by  their  respective  percentile  spectral  plots  are  shown  In  Figs.  2.29 
through  2.36.  These  data  show  a general  decrease  in  level  with  time  over 
the  12  h period  fur  ail  frequencies.  The  decreasing  level  with  time 
corresponds  to  a departing  unknoutt  ship  and  decreasing  wind  spec.i.  The 
spectral  levels  range  over  15  dfl  for  tlie  receiver  1000  m above  fh.,  u.>tcom 
(ACODAC  channel  4)  and  25  dB  for  the  near-bottom  receivers  (PAI;  rv.c.nuei  4, 

30  m above  bottom,  and  ACODAC  channel  14,  on  the  bottom).  T:  e ai'  s^t 
significant  observation  is  that  the  noise  decreases  in  level  with  depth 
over  the  last  1000  m above  the  bottom,  as  shovit  in  Figs.  2.37  and  2.38. 

Tlte  change  in  level  is  7 or  3 dB,  somewhat  of  a surprise  because 
Site  R is  bottom  limited.  A second  surprise  i«  the  spectral  level 
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FIGURE  2.25 

NOISE  AND  SIGNAL  EXCESS  FOR  4542  m RECEIVER 
AT  67  Hi  CHURCH  STROKE  H SITE  B PAR  (U) 

SOURCE  DEPTH;  18  m 
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FIGURE  2.26 


NOISE  AND  SIGNAL  EXCESS  FOR  4542  m RECEIVER 
AT  197  Hz  CHURCH  STROKE  JL  SITE  B PAR  (U) 
SOURCE  DEPTH:  18  m 
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FIGURE  2.37 

AMBIENT  NOISE  LEVELS  FROM  ACODAC  AT  SITE  B (U) 
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(C)  for  frequencies  between  200  and  500  Hz.  During  the  10  min  interval  for 
which  the  spectra,  shown  in  Fig.  2.37,  were  computed,  the  wind  speed  given 
by  the  site  anemometer,  10  m above  the  surface,  was  22  kt.  The  spectral 
level  according  to,  for  example,  Ref.  11a,  would  be  66  dB  at  500  Hz  instead 
of  the  60  to  63  dB  for  the  three  receivers  shown.  The  wind  speed  as 
reported  by  Fleet  Numerical  Weather  Central  (FNWC)  and  the  data  from  the 
site  anemometer  are  shown  in  Fig.  2.39.  The  spectral  level  output  of 
the  PAR  is  compared  with  that  of  the  ACODAC  in  Fig.  2.40  (for  the  same 
time  period  as  shown  in  Fig.  2.37).  There  are  some  differences  which 
are  possibly  calibration  errors  due  to  missing  hydrophone  information. 

Some  of  the  differences  may  be  actual  differences  in  level  due  to  the 
fact  that  the  PAR  and  ACODAC  were  separated  by  0.79  nmi  and  a ship  was 
in  the  background.  Near  the  ship's  CPA,  shown  in  Fig.  2,32  (ACODAC)  and 
Fig.  2.34  (PAR),  a significant  difference  is  seen  which  can  easily  be 
attributed  to  different  source-rece''.ver  geometries. 
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III.  SITE  EN  ENVIRONMENTAL  ACOUSTIC  DATA 

(C)  Figure  3.1  shows  the  Site  EN  location,  20®05.9'  N,  i32°05.0'  E,^'^  and 
the  source  events  processed  for  this  site. 

(U)  There  was  one  cw  projector  tow  by  the  INDIAN  SEAL  out  to  450  km 

along  the  180®  radial  to  EN  from  0629,  27  November,  to  0345,  29  November  1977. 

These  data  have  been  processed  for  propagation  loss  and  ambient  noise. 

Receiver  depths  were  4982  m (1000  m off  the  bottom),  5582  m (400  m off 
the  bottom),  5782  m (200  m off  tlie  bottom),  5882  m (100  m off  the  bottom), 
and  5972  m (10  m off  the  bottom).^  These  AN/cw  cliannels  had  nominal  receiver 
sensitivities  of  -128  to  -98  dB//V/uPa.  It  should  be  noted  that  the  cw 
projector  depth  was  91  m out  to  a range  of  approximately  53  km,  and  18  m 
depth  beyond  that. 

(U)  VP  aircraft  dropped  18  ra  and  91  ra  depth  SUS  along  the  tracks  shown 
in  Fig.  3.1;  they  were  received  at  a hydrophone  depth  of  4982  m (1000  m 
above  the  bottom).  The  SUS  data  recordings  at  Site  EN  were  subject  to 
the  same  problems  that  occurred  at  Site  B,  discussed  in  Chapter  il.  For 
Site  EN,  since  calibrated  propagation  loss  data  were  available  from  the 
cw  source,  only  the  SUS  data  from  the  AN/cw  receiver  were  processed  for 
bottom  loss  and  propagation  loss. 

3.1  Bottom  Loss  at  Site  EN 


(U)  As  mentioned,  the  SUS  charges  at  Site  EN  were  aircraft  deployed. 

The  primary  practical  effects  of  airdropping  charges  upon  bottom  loss 
measurements  are  that  fewer  samples  are  available  and  that  navigation 
errors  (and  hence  errors  in  bottom  loss  data  reduction)  are  greater. 
However,  adequate  data  were  obtained  to  estimate  bottom  loss  in  the  area; 
the  results  show  that  the  bottom  loss  at  Site  EN  is  higher  than  at  Site  B. 
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(U)  Individual  arrival  estimates  of  bottom  loss  from  18  m and  91  ra  deptli 
SUS  are  shown  in  Figs.  3.2  and  3.3,  respectively.  There  Is  larger  scatter 
in  these  samples  than  was  seen  in  the  data  at  Site  ii  (Figs.  2.2  and  2.3) 
from  the  ship  dropped  SUS.  In  addition,  the  anomalous  oscillations  in 
the  25  Hz  and  50  Hz  results  of  Fig.  3.3  reflect  the  navigation  uncertain- 
ties of  the  aircraft  dropped  SUS. 

(U)  Averaged  values  of  bottom  loss  at  Site  EN  are  shown  in  Fig.  3.4. 

These  are  averages  at  5“  increments  of  18  ra  source  data  at  25  and  50  Hz, 
and  of  18  m and  91  m source  data  at  the  higher  frequencies. 

(U)  The  averaged  values  are  also  given  in  Table  II 1-1.  The  values  for 
angles  above  20®  are  estimates,  based  on  the  fact  that  no  signal  arrivals 
could  be  detected  at  angles  above  those  plotted,  as  was  the  case  for  iiigh 
angle  values  at  Site  B. 

3.2  Propagation  Loss  at  Site  EN 

(U)  For  the  first  53  km  of  the  cw  projector  tow,  the  source  was  at  91  ra 
depth.  Propagation  loss  from  the  67  Hz  and  197  Hz  tones  to  tlte  different 
receiver  depths  are  shown  in  Figs.  3.5  through  3.9.  Beyond  53  kra,  ti»e 
same  frequencies  were  projected  for  18  ra  source  depth,  and  the  propagation 
loss  is  shown  In  Figs.  3.10  through  3.14.  It  should  be  noted  that  data 
on  the  5882  ra  and  the  5972  ra  depth  receivers  were  contarainated  by  ACOUAC 
recording  system  probleoa.  llrese  are  showtr  on  Figs.  3.13  and  3.14, 

(U)  Signal  excess  .and  the  aubient  noise  level  (in  an  adjacent  frequency 
band)  during  the  projector  tow  at  Site  EH  are  given  in  Figs.  3.15  through 
3.24  for  the  91  ra  source  at  short  range,  and  Figs.  3.25  through  3.34,  for 
the  18  ra  source  at  longer  ranges. 

(U)  Because  of  recording  systera  problems,  only  a feu  of  the  SUS  propagation 
loss  results  are  included  here.  These  results  suffice  to  show  tike  acoustic 
blockage  by  the  shoaling  approximately  400  kra  north  of  Site  EN. 
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FIGURE  3.4 

lU)  AVERAGED  BOTTOM  LOSS 
CHURCH  STROKE  II  SITE  EN 
S££  TABLE  :i1 
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(C)  TABLE  III-l 

AVERAGED  BOTTOM  LOSS  DATA 
CHURCH  STROKE  II  - SITE  EN  (U) 

18  m and  51  m SUS 
Receiver  Depth  4982  m 
Bounces  2-9 


25  Hz 


Grazing  Angle 

Std 

Number 

Interval- 

-deg 

Mean 

Dev 

Samples 

0 

5 

3.5 

2.4 

50 

5 

10 

3.5 

1.5 

55 

10 

15 

3.7 

1.0 

38 

15 

20 

3.9 

1.0 

17 

20 

25 

5.3 

0.7 

2 

25 

30 

0.0 

0.0 

0 

30 

35 

0.0 

0.0 

0 

35 

40 

0.0 

0.0 

0 

40 

45 

0.0 

0.0 

0 

45 

50 

0.0 

0.0 

0 

100  Hz 

Grazing  Angle 

Std 

Number 

Interval- 

-deg 

Mean 

Dev 

Samples 

0 

5 

:.l 

2.7 

69 

5 

10 

4 . 0 

1.4 

97 

10 

15 

4.6 

1.2 

76 

15 

20 

4.9 

l.l 

38 

20 

25 

5.4 

2.2 

8 

25 

30 

7.2 

2.3 

2 

30 

35 

0.0 

0.0 

0 

35 

40 

0.0 

0.0 

0 

400  Hz 

Grazing  Angel 
Interval-deg 

Mean 

Std 

Dev 

Number 

Saaples 

0 

5 

5.4 

2.4 

67 

5 

10 

5.9 

1.6 

77 

10 

15 

6.6 

1.3 

55 

15 

20 

6.4 

1.7 

26 

20 

25 

7.3 

2.0 

7 

25 

30 

8.7 

2.4 

2 

30 

35 

0.0 

0.0 

0 

35 

40 

0.0 

0.0 

0 

50  Hz 


Grazing  Angle 

Std 

Number 

Interval- 

'deg 

.Mean 

Dev 

Samples 

0 

5 

3.8 

2.8 

46 

5 

10 

3.4 

1.4 

52 

10 

15 

3.7 

1.0 

37 

15 

20 

4.3 

0.7 

17 

20 

25 

4.6 

0.5 

2 

25 

30 

0.0 

0.0 

0 

30 

35 

0.0 

0.0 

0 

35 

40 

0.0 

0.0 

0 

40 

45 

0.0 

0.0 

0 

45 

50 

0.0 

0.0 

0 

200  Hz 

Grazing 

Angle 

Std 

Nimiber 

Interval-deg 

Kean 

Dev 

Samples 

0 

5 

4.1 

3.0 

69 

5 

10 

4.1 

1.9 

98 

10 

15 

5.2 

1.6 

75 

15 

20 

5.8 

1.3 

39 

20 

25 

6.2 

1.8 

8 

25 

30 

7.6 

2.3 

2 

30 

35 

0.0 

0.0 

0 

35 

40 

0.0 

0.0 

0 

NOTE:  Arrivals  above  50*  graslag 

angle  not  detected. 

Recoffltaeud  using  12  dB  loss 
above  iO*  at  all  frequencies 
25  and  50  Hz  - 18  a SUS  only 
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FIGURE  3 6 
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FIGURE  3,7 

PROPAGATION  LOSS  TO  5782  m RECEIVER 
CHURCH  STROKE  I • PHASE  2 SITE  EN  (U) 
SOURCE  DEPTH;  91m 
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FIGURE  3,9 

PROPAGATION  LOSS  TO  5972  m RECEIVER 
CHURCH  STROKE  E - PHASE  2 SITE  EN  (U) 
SOURCE  DEPTH;  91  m 
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FIGURE  3.10 

PROPAGATION  LOSS  TO  4982  m RECEIVER 
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SOURCE  DEPTH:  18  m 
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FIGURE  3.11 

PROPAGATION  LOSS  TO  5582  m RECEIVER 
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FIGURE  3.12 
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FIGURE  3 17 

NOISE  ANO  SIGNAL  EXCESS  FOR  5582  m RECEIVER  AT  67  Hz 
CHURCH  STROKE  H - PHASE  2 SITE  EN  (U) 
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FIGURE  3 19 

NOISE  AND  SIGNAL  EXCESS  FOR  5782  m RECEIVER  AT  67  Hz 
CHURCH  STROKE  H - PHASE  2 SITE  EN  (U) 


CONFIDENTIAL 


ttP  ‘ N (N  * S) 


»H  C •*  UP  - N 


CONFIDENTIAL 


N 

X 

cr> 


< 


—— 
ce  tA 


O 

fvj 

fO 

tu 

Q£ 

=5 

O 


6*^ 
oo  ^ 
vr»  X 

or.  (L 
o • 

CO  ^ 

UJ 

u4 

H5 

X a- 
UJ  ^.. 

< X 
X o 
O X 

•^X 

O o 


UJ 

o 


Atit  UT 
A^.>|.tS»J 
KC»’  -CA 
U J0.7i 


CONFIDENTiAL 


tip  - N (N  • S) 


h rrn  TTfTtrrrnrrntTTTTi 

2 § R 


m tip  - N 

ARL;UT 
AS.78-1811 
KCr -GA 
I 1. 30-78 


CONFIDENTIAL 


FIGURE  3,21 

NOISE  AND  SIGNAL  EXCESS  FOR  5882  m RECEIVER  AT  67  Hz 
CHURCH  STROKE  E - PHASE  2 SITE  EN  (U) 
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FIGURE  3.23 

NOISE  AND  SIGNAL  EXCESS  FOR  5972  m RECEIVER  AT  67  Hz 
CHURCH  STROKE  H - PHASE  2 SITE  EN  (U) 
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FIGURE  3,24 

NOISE  AND  SIGNAL  EXCESS  FOR  5972  m RECEIVER  AT  197  Hz 
CHURCH  STROKE  I - PHASE  2 SITE  EN  CU) 
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FIGURE  3.25 

«0ISE  AND  S'GNAL.  EXCESS  FOR  4982  m RECEIVER  AT  67  Hz 
CHURCH  STROKE  H - PHASE  2 SITE  EN  (U) 
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FIGURE  3.26 

NOISE  AND  SIGNAL  EXCESS  FOR  4982  m RECEIVER  AT  197  Hz 
CHURCH  STROKE  JL  - PHASE  2 SITE  EN  fU) 
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FIGURE  3,27 

NOISE  AND  SIGNAL  EXCESS  FOR  5582  m RECEIVER  AT  67  Hz 
CHURCH  STROKE  JL  - PHASE  1 SITE  EN  (U) 
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FIGURE  3.28 

ROiSE  AND  SIGNAL  EXCESS  FOR  5582  m RECEIVER  AT  197  Hz 
CHURCH  STROKE  H - PHASE  2 SITE  EN  (U) 


A 


CONFIDENTIAL 


40n- 


304 


CO 

tJ 

I 

X 


20 1 


)oq 


oJ 


rREQUENf.Y:  67  Hz 

.SOURCE  LEVEL;  174  dB 
SOURCE  DEPTH;  18  tn 
RECEIVER  DEPTH;  5782  m 


i 


i 


100 


200 


RANGE  ■ Vm 


331/14 


t-  - T — , 

331/20  332/2 


GATE  HOUR 

..  "1 


CM  4 . I 


MGUR£  5 29 


NOISt  AND  SIGNAL  i.XCLSS  FOH  b/6?.  m HLCEIVER  AT  6/  Hz 
CHURCH  STROKE  li  • PHASE  2 SITE  EN  (U) 


I , 

CONFIDENTIAL 


ARl.  UT 

KCP -CA 
11.30 .78 


CONFIDENTIAL 


40 


CO 

T3 

I 

z 

»/) 


F9EQUFNCY;  1Q7  Hz 
SOURCE  LEVEL:  172  dB 

SOURCE  DEPTH:  18  m 

RECEIVER  DEPTH;  5782  m 


(nTTTTTTT]rnTTTTTT  p^T7  T T T T T T T TTTTTTT  T ^ 
100  200 
RANGE  - km 


331/U  331/20  ~3T2/2 

DATE  HOUR 
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FIGURE  3 31 

NOISE  AND  SIGNAL  EXCESS  FOR  5882  m RECEIVER  AT  67  Hz 
CHURCH  STROKE  II  - PHASE  2 SITE  EN  (U) 


CONPiDENTIAL 


§ 


CQ 

•o 

e 

X rv.  CO 


Iw)  — I O oc 
S I/O 

uj  Lkj  CO  r-> 
3 CJ  — 

O a:  cc  CO 
CO  3 3 c_> 
a:  S O CO 
Ca.  cn  C/l 


^8 


UJ 

O 

Z 

< 

(X 


t T t T T r^T  I T 1 1 1 1'1  T T t H I T T T T t Trt  Y t rm  j I m \ 

o o o o o 

^ n r<  — 


8 

rx 


QP  - K (N  • S) 


(N 

V 

- P> 


CONFIDENTIAL 


A«L  UT 
AA-7t-tSU 
ACF .CA 
It. JO  .?• 


FIGURE  3.32 

NOISE  AND  SIGNAL  EXCESS  FOR  5882  m RECEIVER  AT  19? 
CHURCH  STROKE  H - PHASE  2 SITE  EN  (U) 
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(U)  Propagation  loss  at  50,  100,  and  200  Hz  from  SUS  run  i are  shown  in 
Figs.  3.35,  3.36,  and  3.37,  respectively;  the  southern  leg  of  that  run 
is  along  the  cw  projector  track.  Results  from  runs  1 and  2 at  the  same 
frequencies  are  shown  in  Figs.  3.38  through  3.40. 

(C)  Remember  that  "S"  means  that  some  of  the  signal  saturated  the  A(R)DAC; 
the  cw  propagation  loss  data  of  Figs.  3.5  through  3.14  provide  a better 
estimate  of  propagation  in  the  basin  near  Site  EN.  However,  note  in 
Fig.  3.1  that  runs  2 and  3 cross  from  the  basin  into  a more  irregular 
region  at  approximately  400  km  range  from  Site  EN;  run  1 is  entirely  in 
that  region.  The  SUS  data  of  Figs.  3.35  through  3.40  show  that  propaga- 
tion is  abruptly  blocked  at  approximately  420  km  on  run  3,  and  at  450  km 
on  run  2.  That  is,  the  recorded  signals  change  from  saturated  to  undetected, 
with  perhaps  one  unsaturated  shot  in  between.  No  shots  from  SUS  run  1 
were  detected. 

3. 3 Ambient  Noise  at  Site  EN 

(U)  Ambient  noise  recorded  by  ACODAC  during  the  period  331/6  through  333/6 
has  been  processed  and  also  noise  recorded  by  PA.R  (see  Appendix  A) 
during  the  period  337/0  through  340/12.  Several  displays  of  ambient  noise 
information  are  presented:  noise  time  series,  percentile  levels  versus 

frequency,  percentile  levels  during  an  Interval  of  stable  noise,  displays 
of  minimum  noise  level  versus  depth  and  frequency,  and  spectra  generated 
by  Typhoon  Lucy. 

(U)  The  spectral  levels  from  tfie  ACOUAC  in  1/10  octave  bands  versus  lime 
at  tile  different  receiver  deptiis  are  sliowu  in  Figs.  3.41  tlirougli  3.45. 

Tlie  distributions  of  noise  at  the  receivers  over  the  two-day  period  are 
sliown  by  tlie  percentile  plots  of  Figs.  3.4b  tiirough  3.50. 

(U)  in  all  of  tlie  ambient  noise  data,  system  electionics  noise  l-s  present 
below  10  Hz  at  least  part  of  tlie  time.  Also,  tlie  percentile  spectra  of 
Fig.  3.49  is  corrupted  by  a 10  ila  square  wave  calibration  signal  uliicli 
liiadvertantly  turned  on  during  tlie  dal.i  perio  The  10  Hz  signal  and  Its 
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FIGURE  3.39 

PROPAGATION  LOSS  AT  100  Hz* 
CHURCH  STROKE  II- SITE  EN(U) 
NONRADIAL  RUNS  1 AND  2 
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FIGURE  3.40 

PROPAGATION  LOSS  AT  200  Hz* 
CHURCH  STROKE  E-SITE  EN  (U) 
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FIGURE  3.41 

AMBIENT  NOISE  TIME  SERIES-  4982  in  RECEIVER 
CHURCH  STROKE  II  SITE  EN  (U) 
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FIGURE  3.42 

AfifiBlEKT  KOISE  TIME  SERIES-  5582  m RECEIVER 
CHURCH  STROKE  II  - SITE  EN  fU) 
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FIGURE  3.47 

AMBIENT  NOISE  PERCENTILE  SPECTRUM  LEVELS  FOR 
CHURCH  STROKE  H-SITE  EN-5582  ni  RECEIVER  (U) 
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(U)  harmonics  can  be  seen  in  the  lower  percentiles.  As  an  editorial  procedure, 
the  time  period  covering  the  aircraft  SUS  run,  332/0130  through  332/0730, 
was  deleted  from  the  percentile  estimates  of  ambient  noise  level.  In 
addition,  erratic  gain  ranging  on  the  deepest  channel  (see  Fig.  3.34) 
could  not  be  accounted  for  and  (the  times  331/1530  through  331/2030  and 
332/0200  through  332/1430)  were  deleted  as  shown  in  Fig.  3.45. 

(U)  One  goal  of  CHURCH  STROKE  II  Cruise  5 was  to  obtain  estimates  of 
noise  characteristics  during  a stable  relatively  quiet  period.  By  examin- 
ing Figs.  3.41  through  3.45,  It  can  be  seen  that  one  such  period  is  centered 
near  hour  12  of  day  331.  The  distribution  of  noise  versus  frequency  during 
that  period  (hour  11  to  hour  15  of  day  331)  is  shown  by  the  percentile 
plots  of  Figs.  3.51  through  3.55. 

(C)  Anotiier  quantity  of  interest  is  the  minimum  spectrum  levels  observed. 
The  miniraura  levels  (from  Figs.  3.4b  through  3.50)  are  showti  versus  depth 
in  Fig.  3.56  and  versus  frequency  in  Fig.  3.57.  Figure  3.56  shows 
noticeable  quieting  with  depth  below  the  critical  depth  at  5000  m. 

(C)  Typhoon  t.ucy  was  of  course  a significant  event.  The  pressure  spectrum 

levels  in  i/lU  octave  bands  are  showti  in  Fig.  3.58  as  functions  of  time 

as  the  stonn  is  at  its  closest  point  of  approach  (CFA) . These  data  were 

from  the  FAR,  wliicii  recorded  the  data  in  ,sl>ort  segments.  The  receiver 

was  30  m above  the  bottom.  Figures  3.59  and  3.60  show  tlie  spectral  levels 

as  the  storm  approaches  atid  llien  recedes.  it  should  be  no  surprise  that 

these  spectra  show  no  evidence  of  shipping  as  the  storm  approaches  the  site. 

> 

The  very  high  values  of  85  to  s5  dB//nFa‘/H;:  pressure  spectrum  level  indi- 
cate that  rain  was  an  important  compouetit  of  the  noise  source. 

(U)  The  wind  speeds  for  three  sites  arouttd  Site  I'S  were  provided  by  FXWC 
and  arc  shown  in  Fig.  J.ol,  along  with  the  storm  track  around  .Site  F.N. 

The  eye  of  the  storm  approached  Site  to  within  50  nai  and  diminished 

rapidly  in  Intejisliy  after  passing  Site  FM.  t1>c  spectral  shapes  in 
Figs.  3.59  and  3.60  show  an  increasing  pressure  level  with  decreasing 
frequency  as  the  storm  approached  CFA. 
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FIGURE  3.53 

AMBIENT  NOISE  PERCENTILE  SPECTRUM  LEVELS  DURING  A STABLE  TIME 
PERIOD  FOR  CHURCH  STROKE  II -SITE  EN-  5782  in  RECEIVER  (U) 
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FIGURE  3.56 

MINIMUM  PRESSURE  SPECTRUM  LEVEL  versus  RECEIVER  DEPTH 
FOR  FIVE  FREQUENCIES  AT  CHURCH  STROKE  31-SITE  EN  (U) 
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FIGURt  3.57 

MINIMUM  PRESSURE  SPECTRUM  LEVEL  veisus  FREQUENCY 
FOR  FIVE  DEPTHS  AT  CHURCH  STROKE  II  • SITE  EN  (U) 
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FIGURE  3.59 

AMBIENT  NOISE  SPECTRA  WITH  TYPHOON  LUCY  APPROACHING  SITE  EN 
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FIGURE  3.60 

AMBIENT  NOISE  SPECTRA  WITH  TYPHOON  LUCY  RECEDING  FROM  SITE  EN 
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FIGURE  3.61 

FMWC  REPORTED  WINDSPEED  FOR  CHURCH  STROKE  E- PHASE  JL  SITE  EN  (U) 
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IV.  SITE  C - ENVIRONMENTAL  ACOUSTIC  DATA 

(C)  figure  A.l  shows  the  Site  C location  and  the  track  of  the  cw  source 
run  processed  for  this  site.  The  site  location  is  19°A1.1'  N,  140°7.9'  E.^^ 
The  radial  source  run  has  a maximum  range  of  approximately  60  km  from  the 
site.  Delays  due  to  poor  weather  conditions  forced  cancellation  of  longer 
source  runs  and  limited  total  recording  time  to  1.5  days. 

(U)  A 12  h segment  of  data  from  the  Site  C PAR  hydrophone  U'l  m above 
bottom  (receiver  channel  9)  was  processed.  These  data  were  used  to  estimate 
cw  propagation  loss,  ambient  noise  level,  and  the  ship  signature  of  JN.XN 
(to  be  discussed  in  Chapter  V).  Data  from  the  other  working  hydrophones 
in  the  same  40  m array  were  not  processed  since  they  would  not  add  to  the 
omnidirectional  data  set. 

4.1  Propagation  Loss  at  Site  C 

(C)  Ttie  cw  projector  was  towed  .at  a depth  of  18  m during  the  entire  event 
processed  for  Site  C.  Propagation  loss  for  tlie  67  fix  and  197  Hz  signals 
received  at  a deptfi  of  4946  m is  siiowtt  l(\  fig.  4.2.  TTteSe  curves  provide 
4 look  at  near-bottom  reception  of  shallow  source  signai.s.  for  tfiose 
ranges  with  direct  patlt  propag  »t  i on , less  than  30  km.  if»e  propagation  loss 
is  approximate ly  75  dh.  Between  fU  km  and  tiie  end  of  tiie  run,  64  km, 
ti»e  propagation  loss  is  approximately  87  dfJ  at  67  Hz  and  90  dU  at  197  Hs. 

(C)  Signal  excess  and  ambient  noise  levels  (in  .^n  adjacent  treiju^ncy  band) 
during  tlte  projector  tow  at  Site  C .tre  presented  In  figs.  4.1  and  4.4. 

Tile  ambient  noise  levels  at  botli  t requeue  ies  decrease  14  dU  as  tile  tow 
siiip  Increases  range  out  to  40  km;  tliis  is  evidence  of  noise  cont  araluat  Ion 
from  tile  tow  siilp  itself.  tTirougluiut  tlie  entire  event  signal  excess 
remalus  iiigti  for  liie  172  dJS  source  levels.  Beyond  liu;  direct  patii  range. 
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FIGURE  4.1 

INDIAN  SEAL  SOURCE  TRACK  AT  CHURCH  STROKE  II  - SITE  C (U) 
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FIGURE  4.3 

NOISE  AND  SIGNAL  EXCESS  FOR  4946  n.  RECEIVER 
AT  67  Hi  CHURCH  STROKE  U-SITE  C PAR  (U) 
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NOISE  AND  SIGNAL  EXCESS  FOR  4946  m RECEIVER 
AT  197  Hx  CHURCH  STROKE  IT -SITE  C PAR  (U) 
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(U)  30  km,  the  signal  excess  was  generally  greater  than  20  dB  at  67  Hz, 
and  25  dB  at  197  Hz.  At  Site  C sources  with  levels  as  low  as 
150  dB  re  1 pPa  should  therefore  be  possible  under  similar  noise  condi- 
tions. 

4.2  Ambient  Noise  at  Sice  C 


(C)  Selected  1/10  octave  bands  from  the  12  h segment  at  Site  C are  shown 
in  Fig.  4.5.  The  CPA  of  JNXN  occurred  at  approximately  321/0930;  5 to  8 h 
later  the  noise  field  had  settled  back  down  and  JNXN  was  65  to  100  nrai 
distant.  Three  spectra  at  approximately  3 h intervals  are  shown  in 
Figs.  4.6  through  4.8;  these  appear  very  stable  as  far  as  the  broadband 
noise  is  concerned.  Blade  rate  harmonics  from  JNXN  at  100  nmi  can  still 
be  clearly  seen  at  frequencies  below  30  Hz.  The  broadband  level  is  near 
75  dB  around  50  Uz  and  drops  off  to  near  56  dB  around  300  Hz.  Since  this 
was  such  a short  time  segment,  no  percentile  level  displays  were  computed. 
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SITE  C ambient  noise  FOLLOWING  JNXN 
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FIGURE  4.7 

SITE  C ambient  noise  FOLLOWING  JNXN 
CHURCH  STROKE  H (U) 
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FIGU'RE  4.8 

SITS  C AMBIENT  NO  SE  FOLLOWING  JNXN 
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V.  SHIP  SIJNATURES 

(U)  During  CHURCH  STROKE  II  several  merchant  ships  passed  close  to  the 
PAR/ACODAC  at  Sites  B,  C,  and  EN.  Two  ships  were  tentatively  identified 
based  on  reported  FNWC  position  data.  This  chapter.  Sections  1 and  2, 
presents  narrowband  spectra  generated  by  these  ships;  Section  3 presents 
spectra  from  three  unidentified  ships  at  Sites  EN  and  B;  and  Section  4 
presents  spectra  from  INDIAN  SE/.L.  All  of  the  spectra  are  in  the  form 
of  10  min  averages. 

(U)  The  speed  of  advance  (SOA)  of  the  various  ships  was  calculated 
using  Doppler  data  for  each  ship.  A prominent  line  component  of  the  ship 
signature  is  tracked  as  the  ship  steams  past  the  site.  The  frequency 
shift  of  this  line  between  the  starting  and  end  points  is  then  measured 
and  assumed  to  be  twice  the  Doppler  shift  of  this  line  as  the  ship 
approaches  CPA.  The  following  equation  then  yields  the  SOA  of  the  ship. 


o 


where  f^  is  the  Doppler  shifted  frequency,  f^  is  the  actual  frequency  of 
the  line  component,  c is  an  average  speed  of  sound  in  the  water,  and  v 
is  the  SOA. 

][U)  The  source  levels  for  the  ships  discussed  below  are  based  on  the 
measured  narrowband  spectra  and  the  shallow  source  propagation  loss  (PL) 
at  the  recording  sites.  At  Site  C the  PL  values  were  obtained  from  measure- 
ments (Fig.  4.2).  At  Sites  B and  EN  the  PL  values  were  obtained  from 
calculations  based  on  incoherently  summed  eigenrays  for  an  18  m source 
(Fig.  5.1)  (the  measurements  at  short  ranges  are  for  a deeper  source). 

The  median  PL  at  50  Hz  for  either  the  measurements  or  the  calculations  at 
the  ship-to-receiver  range  was  taken  to  be  the  loss  incurred  by  the  broad- 
band signature.  At  Sites  B and  C,  the  median  broadband  PL  is  approximately 
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(U)  75  dB  between  10  km  and  20  km,  the  range  Interval  used  to  compute  the 
source  levels.  At  Site  EN  the  PL  is  around  78  dB  at  10  km,  which  is  the 
range  to,  INDIAN  SEAL.  These  PL  values  are  added  to  the  spectrum  levels 
to  obtain  the  source  levels. 

(U)  Signatures  of  six  different  ships  are  discussed  in  the  following 
sections  of  this  chapter.  The  characteristics  of  the  ships'  signatures 
are  summarized  in  Table  V-1. 

5 . 1 Unknown  or  JNXN 

(U)  On  day  321,  just  before  starting  a cw  radial  tow  away  from  Site  C, 
the  chief  scientist  (Dr.  A.  F.  Witt('.nborn , . ef . 14)  on  board  INDIAN'  SEAL 
spotted  a "large  tanker"  bearing  down  on  Site  0.  The  INDIAN  SEAL  commenced 
its  cw  tow  at  about  321/0830  and  tracked  the  incoming  ship  on  radar  to  a 
CPA  of  5 nmi  from  Site  C at  321/0910.  The  acoustic  data  recorded  by  the 
PAR  confirm  the  passage  of  this  ship,  as  sho\-m  in  the  1/10  octave  band 
data  of  Fig.  4.5.  The  acoustic  Doppler  data  show  a CPA  at  321/0910  and 
an  approximate  30A  of  6 kt. 

(U)  The  ship  was  possibly  the  YAMAHATA  MARU  (radio  call  sign  JNXN) , 
a medium  bulk  carrier  of  186  ra  length,  27.2  ra  beam,  and  10.5  to  15.5  m 
draft.  The  propulsion  system  given  in  Lloyd's  Register  is  "Oil  2 SA 
7 Cy.  740  X 1600,  8579  kW  (11500  bhp)".^^ 

(U)  The  track  of  JNXN  as  reported  by  FNWC  is  plotted  in  Fig.  5.2;  it 
shows  JNXN  approaching  Site  C to  within  5 nmi  at  321/0740  at  a SOA  of 
13.73  kt. 

(U)  There  are  three  inconsistencies  in  the  assumption  that  this  ship  is 
JNXN.  JNXN  was  1.5  h earlier  than  measured  and  was  moving  too  fast,  and 
Dr.  Wittenbcrn  reported  a "large  tanker,"  not  a medium  bulk  carrier.  On 
the  other  hand,  INDIAN  SEAL  was  practically  on  the  site  (within  1 nmi  of 
Site  C)  for  several  hours  and  reported  no  other  ships.  In  this  report, 
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TABLE  V-1 

SHIP  SIGNATURE  CHARACTERISTICS  (U) 


Frequencies  are  the  blade  rate  fundamental  and  its  first  three  harmonics 
Levels  are  estimated  source  levels  at  1 m. 


(Ranges  to  two  of  the  unknown  ships  are  not  available 
and  therefore  source  levels  were  not  estimated.) 


JNXN 


JJCD 


INDIAN  SEAL 


SPEED:  2.7  kt 


Blade  Rate  Lines 

Frequency  Hz  and  Level  - dB//uPa 


FI 


7Hz/- 


F2 


14/168 


F3 


21/167 


F4 


28/174 


UNKN  (unknown) 
following  9.7/- 

JJCD 


8.7/172  17.4/172  26.1/168  34.8/172 


19.4/170  29.1/172  38.8/172 


UNKN  (unknown)  9.5/- 
DATE:  331/1900 


UNKN  (unknown)  7.4/- 
DATE:  332/1810 


28.5/-  38/- 


22.2/-  29.6/- 


7.6/140  15.2/144  22.8/143  30.4/148 

9/144  18/143  27/148  36/150 


INDIAN  SEAL 


SPEED:  5.25  kt 


8.8/-  17.5/152  26.4/151  34.8/153 
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FIGURE  5.2 

REPORTED  COURSE  OF  JNXN  AT  SITE  C (U) 
CHURCH  STROKE  II 
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(U)  the  ship  at  321/0910  is  referred  to  as  JNXN  with  the  understanding  that 
these  discrepancies  do  exist. 

(C)  Spectra  from  CPA  and  *1  h of  CPA  are  shown  in  Figs.  5.3  through  5.5  on 
a log  frequency  scale  and  in  Figs.  5.6  through  5.8  on  a linear  frequency 
scale.  The  spectra  at  1 h before  CPA,  Figs.  5.3  and  5.6,  show  harmonics 
of  the  ship's  blade  rate  and  these  are  almost  exact  multiples  of  7 Hz. 

The  levels  in  Fig.  5.3  above  50  Hz  to  300  Hz  were  generated  by  INDIAN  SEAL 
and  are  discussed  in  Section  5.4  (see  Figs.  5.21  and  5.23).  The  spectrum 
at  near  CPA,  Fig.  5.4,  shows  clear  blade  rate  harmonics  up  to  the  7th 
harmonic.  The  cw  projector  lines  from  INDIAN  SEAL  are  seen  at  67  Hz 
and  197  Hz.  The  "lines"  for  this  ship  are  quite  broad  as  seen  in  the 
linear  displays  of  Figs.  5.6  through  5.8. 

(C)  The  source  level  of  the  assumed  JNXN  at  CPA  can  be  estimated  by 

adding  75  dB  to  the  spectra  in  Fig.  5.4  and  Fig.  5.7.  This  75  dB  is  for 

the  PL  at  both  67  Hz  and  197  Hz  based  on  an  approximate  range  of  5 nmi 

(10  km).  If  75  dB  PL  is  added  to  the  spectrum,  then  the  broadband  level, 

2 

which  peaks  near  50  Hz,  is  165  dB//nPa  /Hz  and  the  line  peak  at  35  Hz  is 
at  a level  of  178  dB//uPa.  The  slope  of  the  spectrum  between  50  Hz  and 
200  Hz  is  45  dB/decade  or  13  dB/octave.  This  slope  is  slightly  greater  than 

the  10  dB/octave  slopes  found  for  some  of  the  ships  in  the  CHURCH  OPAL 

, 16 
exercise. 

5.2  JJCD 


(U)  On  day  322  the  ship  JJCD  (radio  cull  sign)  passed  near  Site  B and  was 
recorded  by  the  PAR  system.  This  ship  is  annotated  in  the  1/10  octave 
band  time  series  of  Fig.  2.27  and  its  reported  track,  plotted  from  the 
FNWC  position  report,  is  shown  In  Fig.  5.9.  The  acoustic  estimates  at  CPA 
are  in  fair  agreement  with  this  track.  The  Doppler  data  shows  CPA  at 
322/0620  and  the  reported  track  shows  CPA  at  322/0710,  a 50  min  difference. 
The  Doppler  data  also  shows  SOA  7.5  kt  and  the  track  shows  BOA  7.1  kt. 
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FIGURE  5.9 

REPORTED  COURSE  OF  JJCD  AT  SITE  B (U) 
CHURCH  STROKE  II 
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(C)  Thi.‘  spectra  before,  during,  and  after  CPA  are  shown  on  a log  fretiuency 
scale  in  Figs.  5.10  through  5.13.  The  spectrum  near  CPA  on  a linear 
frequency  scale  is  shown  in  Fig.  5.14.  Tht;  blade  rate  "lines"  of  this  ship 
are  narrower  than  those  of  JNXN  in  Section  5.1-  The  blade  rate  frequency 
is  P./  Hz;  the  level  at  this  frequency  is  about  t.ie  same  as  or  greater  than 
the  levels  of  the  rest  of  the  blade  rate  harmonics.  This  can  be  contrasted 
with  the  tanker  in  Section  5.1,  which  had  its  7 Hz  blade  rate  fundamental 
10  dU  below  its  5th  harmonic  at  35  Hz.  All  of  the  CHURCH  OPAI.  signatures 
had  their  blade  rate  fundamental  frequency  levels  several  decibels  below 
their  harmonics. 

(U)  The  source  level  of  -JJCU  can  be  estimated  by  adding  75  dB  to  the 
spectra  near  CPA,  which  was  at  a reported  (FNIVC)  range  of  5 to  10  km. 

The  uncertainty  in  PL  due  to  a range  error  over  the  interval  5 km  to  25  km 
amounts  to  only  3 to  5 dl5.  For  ranges  les.s  than  25  km  the  PL  is  direct 
path  dominated.  The  spectra  1 h before  and  after  CPA  are  12  dB  lower  than 
the  CPA  spectra.  This  change  in  level  is  also  seen  in  the  cw  PL  of  Fig.  2,21 
between  the  direct  path  region  and  the  shadow  zone.  Based  on  the  reported 
positions,  the  range  at  CPA  is  no  le.s.s  than  ID  km. 

(C)  Based  on  the  75  dll  PL,  the  peak  source  level  is  175  dB//uPa;  the 

I 

broadband  source  level  peaks  at  165  dB//uPa~/Hz  at  50  Hz.  ITie  spectral 
rolloff  at  CPA  beyond  100  Is  65  dB/decade  or  20  dB/octave.  Beyond 
direct  path  the  slope  changes  to  55  dB/decade  or  17  dB/octave.  In  either 
case  this  is  a steep  rolloff  oi  the  spectrum. 

5 . 3 'Hiree  Uuknowtt  Hhlps 

(C)  Close  behind  J.fCD  an  unkuowt*  ship  also  approached  Bile  B,  as  .ttmotaied 
in  the  i/lD  octave  band  time  series  of  Fig.  2.27.  The  spectrum  or  this  ship 
Is  shown  in  Flg.s.  5.15  and  5.1b;  it  appears  from  the  time  series  to  have 
approached  .Site  B within  20  km.  Thus  a PL  of  75  dB  should  be  added  to  the 
spectrum  to  estimate  source  level.  From  the  appearaui e of  the  overall 
spectruttt,  the  bl.iJe  rate  was  9.7  Hz.  but  the  level  at  this  frequeuvV  ‘--as 
below  the  electronics  noise  level  and  was  not  detected. 
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FIGURE  5.11 

SIGNATURE  OF  JJCD  NEAR  CPA  OF  SITE  B (U) 
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FIGURE  5.12 

SIGNATURE  OF  JJCD  NEAR  CPA  OF  SITE  B (U) 
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FIGURE  5.13 

SIGNATURE  OF  JJCD  DEPARTING  FROM  SITE  B (U) 
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FIGURE  5.15 

SIGNATURE  OF  UNKNOWN  SHIP  FOLLOWING  JJCD  (U) 
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(C)  At  Site  EN  the  ACODAC  and  FAR  were  deployed  early  because  of  the 
weather.  Consequently,  no  ship  track  infornation  was  collected  during;  the 
first  48  h of  recording  time  for  the  ACODAC,  from  which  two  ship  signatures 
were  extracted.  The  ship  at  131/1900  was  detected  at  all  depths  by  the 
ACODAC  as  seen  in  Figs.  3.41  through  3.45.  The  spectrum  in  Fig.  5.17  shows 
a high  level  blade  rate  at  9.5  Hz,  and  its  harmonics  can  be  seen  up  to 
the  10th  order.  The  "lines"  are  very  broad  as  seen  in  the  linear  frequency 
plot  of  Fig.  5.18. 

(C)  One  day  later  at  332/1810  another  ship  passed  by  Site  EN  and  its 
spectrum  is  shown  in  Figs.  5.19  and  5.20.  The  blade  rate  was  7.4  Hz 
and  the  "lines"  are  narrower. 

5.4  INDIAN  SEAL 


(U)  The  best  documented  signature  is  from  INDIAN  SEAL,  which  was  the 
deployment  ship  for  the  PAR/ACODAC  systems.  This  ship  is  62.5  m (205  ft) 
long  with  a beam  of  12.2  m (40  ft)  and  a draft  of  4.3  m (14  ft)  forward  and 

4.6  m (15  ft)  aft.  The  displacement  is  270  gross  tons.^^  The  propulsion 
system  is  twin  screw  direct  drive,  3 blades/screw,  variable  pitch.  The 
engines  are  ALCO  12V251  - 5250  hp  (2  each).  The  design  cruise  speed  is 

10  kt.  Signature  data  were  taken  at  2.7  kt  and  5 kt  while  the  ship  was 
towing  a cw  source. 

(C)  The  first  signature  is  from  Site  B,  time  323/1020,  using  channel  4 
of  the  PAR  system  30  m above  the  bottom.  Possible  blade  rate  lines  are 
at  7.6  Hz  and  9.0  Hz,  as  seen  in  Figs.  5.21  and  5.22.  These  correspond  to 
engine  speeds  of  150  rpm  and  180  rpra.  The  large  number  of  narrow  lines 
seen  above  50  Hz  in  the  logarithmic  spectrum  of  Fig.  5.21  are  shown  on  a 
linear  scale  in  Fig.  5.23.  The  67  Hz  projector  line  is  identified;  the 
source  of  the  otlier  lines  Is  unknown.  The  ship  was  approaching  Site  B at 

2.7  kt  at  a range  of  11  km  and  the  estimated  PL,  as  in  the  case  of  the  other 
ship  signatures  for  Site  li,  is  75  dU.  The  broadband  noise  level  is  then 
143  dB//uPa“/Hz  at  50  Hz;  blade  rate  harmonics  go  as  high  as 
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(C)  150  dB//iiPa  at  1 m.  The  wind  speed  was  12  kt  as  Kiven  by  an  anemometer 
10  m above  the  surface. 

(C)  The  INDIAN  SEAL  signature  from  Site  EN  is  shown  in  Figs.  5.2A  and 
5.25.  Harmonics  of  the  frequency  8.8  Hz,  which  is  a probable  blade  rate 
based  on  the  line  width,  can  be  seen  in  the  linear  spectrmn  (Fig.  5.25). 

The  data  above  50  Hz  are  dominated  by  the  cw  projector,  which  appears  to 
be  putting  out  prominent  lines  at  100  and  300  Hz  in  addition  to  the  nominal 
67  Hz  and  197  Hz  lines.  At  the  time,  the  ship  was  advancing  at  a speed 
of  5.25  kt  away  from  Site  EN  at  a range  of  10  kra.  The  nominal  PL  is 
78  aB,  which  can  be  added  to  the  spectrum  to  estimate  source  level.  This 
gives  the  broadband  noise  around  50  Hz  a source  level  cf  150  dB//uPa^/Hz; 
the  peak  noise  levels  equal  158  dB//uPa  at  1 m. 

(U)  The  INDIAN  SEAL  signatures  and  the  signatures  of  the  other  five 
ships  discussed  above  are  summarized  in  Table  V-1.  For  each  ship  the 
fundamental  blade  rate  is  given  in  colu'  ; columns  F2,  F3,  and  F4 
give  the  next  three  hai aonir  rines  of  the  lundaraental.  .Accompanying  these 
line  frequencies  are  estimates  of  their  source  level,  for  those  siiips  with 
known  shlp-to-recelver  ranges.  Also  presented  are  estimates  of  the  broad- 
band source  levels  at  50  Hz,  lUO  tlz,  and  200  Hz. 
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VI.  DATA  SUMMARY  AND  ANALYSIS 


(U)  This  chapter  will  present  an  analysis  of  the  CHURCH  STROKE  II  data 
in  terms  of  acoustic  mechanisms  and  will  comoare  the  results  with  results 
of  other  exercises.  Section  6.1  will  deal  with  bottom  loss,  Section  6.2 
with  propagation  loss,  and  Section  6.3  with  ambient  noise.  Each  section 
will  summarize  the  data  and  the  environmental  factors  affecting  the  data, 
and  make  comparisons  with  other  exercises  and  preexercise  predictions. 

(C)  The  exercises  chosen  for  comparison  are  based  on  environmental 

considerations.  The  CHURCH  STROKE  II  area  has  two  basins,  the  Parece  Vela 

Basin  and  the  Western  Philippine  Basin.  Sound  speed  profiles.  Figs  6.1 

and  6.2,  from  the  Parece  Ve].a  Basin,  containing  Sites  B and  C,  demonstrate 

18 

the  bottom  limited  character  of  this  basin.  The  BEARING  STAKE  exercise, 
Fig.  6.3,  was  also  conducted  in  a bottom  limited  region.  Comparisons 
between  the  BEARING  STAKE  data  and  the  CHURCH  STROKE  II  bottom  loss  data 
from  Sites  B and  C will  be  presented  in  Sections  6.1  through  6.3. 

(C)  The  sound  speed  profile  from  Site  EN  in  the  Western  Philippine  Basin, 
Fig.  6.4,  exhibits  the  1000  m depth  excess  found  in  this  basin.  The 
PARKA  II,  CHURCH  ANCHOR,  and  CHURCH  OPAL  exercises , Fig.  6.5,  were 
all  conducted  in  regions  of  the  Northeast  Pacific  with  depth  excess. 

PARKA  II  data  will  be  presented  in  Section  6.2  on  PL.  Ambient  noise  and 
PL  data  from  CHURCH  STROKE  II  and  CHURCH  ANCHOR  will  be  compared  in 
Sections  6.2  and  6.3;  comparisons  with  the  CHURCH  OPAL  ambient  noise  will 
be  presented  in  Section  6.3. 
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FIGURE  6.1 

SOUND  SPEED  PROFILE 
CHURCH  STROKE  n-SITE  B 
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FIGURE  6.3 

BEARING  STAKE  RECEIVER  SITE  LOCATIONS  (U) 

From  Ref.  18  1T2 
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FIGURE  6.5 

NORTHEAST  PACIFIC  SITES  FROM  CHURCH  ANCHOR 
PARKA  E AND  CHURCH  OPAL  (U) 
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6.1  Bottom  Loss  Analysis 

(C)  Bottom  loss  was  measured  in  both  the  Parece  Vela  Basin  and  the 
Western  Philippine  Basin.  The  low  bottom  loss  measured  in  the  Parece 
Vela  Basin  will  be  compared  to  the  bottom  loss  measured  in  a similar 
region.  The  bottom  loss  measured  for  the  two  CHURCH  STROKE  II  basins  will 
then  be  compared  to  one  anouier.  Finally,  a geoacoustic  model  for  the 
bottom  sediment  of  the  Parece  Vela  Basin  will  be  shown,  with  bottom  loss 
values  calculated  from  this  geoacoustic  model. 

(C)  The  bottom  loss  measurements  at  Site  B "ompare  well  with  the 
measurements  from  the  BEARING  STAKE  sites  in  the  Oman  and  Somali  Basins. 

The  bottom  loss  measured  in  the  Oman  Basin  is  low  while  the  Somali  Basin 
bottom  loss  is  somewhat  higher. 

(C)  Bottom  loss  measured  at  Sit  > B in  the  Parece  Vela  Basin  was  presented 
in  Fig.  2.6.  Below  30°  the  losses  are  approximately  0.5  dB  at  25 
and  1.2  dB  at  50  Hz.  Figure  6.6  presents  a comparison  of  these  losses  at 
Site  B with  those  measured  during  BEARING  STAKE  in  the  Oman  Basin.  The 
Site  B loss  is  slightly  higher.  At  200  Hz,  the  two  curves  differ  by 
approximately  1.2  dB  at  ail  angles  below  32°;  below  200  Hz  the  differences 
are  nearly  linear  with  frequency.  Site  B bottom  loss  at  100  Hz  is  0.6  dB 
greater  than  the  Oman  Basin  data. 

(C)  Further  comparisons  can  be  made  between  Site  B and  regions  of  .somewhat 
higher  bottom  loss,  such  as  the  Somali  Basin,  Fig.  6.7;  the  Site  B losses 
are  significantly  less.  At  the  lowc-  frequencies  the  Site  B losses 
increase  very  littli-  below  30°,  while  the  increase  wiiii  angle  is  almost 
uniform  in  the  Somali  Basin.  At  the  higher  frequencies  the  Site  B 
losses  increase  with  angle  at  approximately  halt  the  rate  of  the  measure- 
ments for  the  Somali  B.tsin. 

(C)  Site  EN  in  tlie  Western  Philippine  Basin  is  another  region  wiiere  high 
bottom  loss  has  been  measured.  fhese  losses,  presented  in  Fig.  3.4,  are 
significantly  higher  than  chose  in  the  neighboring  basin  at  Site  B. 
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FIGURE  6.6 

COMPARISON  OF  BOTTOM  LOSS  FOR  BEARING  STAKE 
SITE  IB  AND  CHURCH  STROKE  D - SITE  B (U) 
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FIGURE  6.7 

TOM  LOSS  FOR  THE  SOMALI  BASIN  (U) 
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(U)  The  bottom  loss  curves  for  Sites  B and  BN  have  one  characteristic  in 
conunon.  At  the  higher  angles  the  slope  of  the  bottom  loss  curves  changes 
rapidly.  For  Site  BN  this  break  occurs  between  20°  and  25°,  while  at 

Site  B it  occurs  between  30'  and  35°.  The  Deep  Sea  Drilling  Project 
13  22 

reports  ’ indicate  that  the  Western  Philippine  Basin  has  approximately 

100  m of  sediment  overlying  an  acoustic  basement,  while  the  Parece  Vela  Basin 

has  300  to  400  m of  sediment.  If  one  assumes  a sound  speed  profile  based 

23 

on  Hamilton’s  13  area  average  velocity  gradients,  then  it  may  be  shown 
that  sound  incident  on  the  bottom  at  angles  above  22“  for  Site  BN,  and 
above  approximately  27°  to  33°  for  Site  B,  interacts  with  the  acoustical 
basement.  Therefore,  the  nature  of  the  sediment  basement  interface  can 
dominate  the  reflected  field  at  steeper  angles.  The  presence  of  a rough 
basement  will  introduce  scattering  and  increase  the  losses  at  the  higher 
angles,  as  seen  in  the  bottom  loss  curves;  it  is  reasonable  to  assume  that 
this  is  the  case  in  tiie  CHDRCU  STROKB  11  data. 

(U)  A geoacvustic  model  for  a 4U0  m thick  sediment  has  been  derived  for 
the  Pai'ece  Vela  Basin,  Fig.  t>,6.  The  derivation  oi  this  model  Is  described 
in  detail  in  Ref.  24.  A summarv  of  the  derivation  follows.  A sound  speed 
profile  for  the  Utaan  Basin,  based  on  Hamilton's  average  velocity  gradients, 
was  used  for  Site  B.  It  was  modified  slightly  by  usitig  a ratio  of 

surface  sedlmet»l  velocity  to  bottom  water  ve.iociiy  so  th..t  calculated  bottom 
losses  Were  similar  Co  the  observed  neatly  ci>nslanl  losses  at  the  smaller 
angles.  iTnls  ratio  is  ttear  Kami  lt>->u’s  world  average  of  Ihc 

attetmalioti  profile  was  derived  trom  measured  bottom  loss  using  the  method 
outlitted  in  Ret.  25.  Tlie  dettsilv  cuncrast  at  the  waler-sedlmeut  interface 
was  based  on  the  taeasared  density  of  the  sediment  Ittleflacc  at  Deep  Sea 
Drilling  Project  Sites  51  and  54.^^  with  the  remaitting  density  profile 
extracted  from  the  Oman  Basin  geo.rcoust  Ic  mi>del."’^  Tlie  sound  speed  and 
actettuatlon  for  the  basement  weVc  derived  art  i f iv- ia  1 ly  to  account  for  the 
high  losses  at  the  high  angles  actual ly  result itig  from  the  rough  boundary 
effects. 

(U)  Before  the  model  calculations  and  the  mcasuremetUs  are  compared, 
the  effects  of  recording  system  limitations  on  the  Bcasuremcnls  should  be 
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FIGURE  6.8 

CEOACOUSTIC  MODEL  FOR  CHURCH  STROKE  H - SITE  B (U) 
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(U)  noted.  The  bottom  loss  raeasuremen* s are  based  on  multibounce  data, 

permitting  proper  measurement  of  the  low  losses.  Ac  higher  losses,  the 
higher  frequency  signal  components  of  arrivals  which  reflect  several  times 
can  experience  30  dB  more  loss  than  the  lower  frequencies.  Due  to  the  har- 
monic distortion  of  the  recording  system,  the  level  of  the  third  harmonic 
component  is  approximately  30  dB  below  the  level  of  the  fundamental.  Thus, 
bottom  loss  measurements  which  should  show  high  loss  can  be  biased  towards 
lower  values  by  harmonic  distortion. 

(U)  The  geoacoustic  model  of  Fig.  6.8  has  been  used  to  calculate  bottom 
loss  at  25,  50,  100,  200,  and  400  Hz.  These  curves  are  compared  with 
measurements  in  Fig.  6.9.  At  losses  less  than  5 dB,  where  the  measurements 
are  not  biased  by  problems  of  measuring  high  losses  from  multibounce  data, 
the  two  sets  of  curves  are  within  0.2  dB  of  each  other.  Based  on  this 
favorable  agreement,  the  geoacoustic  model  can  be  used  to  extend  the  bottom 
loss  values  into  higher  loss  regions,  i.e.,  to  other  frequencies  and/or 
other  angles.  It  is  recommended  that  calculated  values  of  bottom  loss  be 
used  to  avoid  the  measurement  problem  mentioned  above. 

(C)  The  bottom  loss  measured  at  Site  B has  been  seen  to  be  relatively 
low,  just  slightly  higher  than  the  low  loss  measurements  in  the  Indian  Ocean. 
These  measurements  have  been  used  to  obtain  a geoacoustic  model  for  the 
Parece  Vela  Basin  and  to  extend  the  frequency  and  angular  coverage  of  the 
measurements.  The  Western  Philippine  Basin,  when  compared  to  the  Parece 
Vela  Basin,  is  seen  to  have  higher  bottom  losses  at  all  frequencies. 

6. 2 Propagation  Loss 

(U)  In  this  section  PL  for  short  ranges  and  for  the  long  ranges  will  be 
discussed  separately.  A comparison  between  the  CHURCH  STROKE  II  sites 
will  be  made  using  the  short  range  data  (less  than  35  km);  minimum  detectable 
source  level  estimates  are  based  on  these  data.  Comparisons  with  other 
exercise  areas  are  based  on  the  long  range  data  (greater  than  35  km) . 

Where  appropriate,  comparisoits  are  also  made  with  computer  model  runs. 
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FIGURE  6.9 

COMPARISON  OF  MEASURED  BOTTOM  LOSS  AND 
COMPUTED  BOTTOM  LOSS  USING  Fig.  6.8 
CHURCH  STROKE  E - SITE  B (U) 
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(U)  The  91  m source  depth  cw  data  from  Site  B,  Fig.  6.10,  displays  an 
unusual  propagation  effect  around  25  km;  the  PL  decreases  approximately 
10  dB  and  then  increases  rapidly  again  in  less  than  2 km.  Figure  6.11 
presents  range  versus  source  angle  curves  for  this  case.  These  curves 
were  obtained  by  tracing  rays  from  the  91  m source  to  a depth  of  4542  m. 

The  ranges  at  which  a ray  reaches  4542  m is  plotted  versus  the  ray  angle 
at  the  source.  Since  ray  angles  are  either  upgoing  or  downgoing  at  the 
source  and  at  the  receiver  there  are  four  curves  in  Fig.  6.11.  According 
to  ray  theory,  intensity  at  a given  range  is  proportional  to  the  inverse 
slope  of  the  curve  at  that  range.  For  the  91  m source,  located  within 
the  thermocline,  the  rays  which  refract  near  the  surface  (0°  to  2°)  have 
slopes  near  zero,  indicating  the  formation  of  a caustic  at  25  km.  The  ray 
trace  diagram  in  Fig.  6.12  also  shows  the  formation  of  this  caustic  near 
the  bottom  by  the  increased  density  of  the  rays,  which  were  launched  with 
uniform  spacing  in  angle.  The  high  signal  level  at  25  km  in  Fig.  6.10  is 
the  result  of  this  caustic  formation.  At  67  Hz,  Fig.  2.21,  a similar 
decrease  in  the  loss  is  also  seen  at  25  km;  however,  the  range  interval  is 
about  4 km,  demonstrating  the  low  frequency  spreading  of  the  caustic. 

This  effect  was  not  seen  at  the  other  two  sites  due  to  differences  in  the 
shapes  of  the  profiles  near  the  source  depth. 

(C)  The  sliort  range  PLs  for  the  two  sites  within  the  Parece  Vela  Basin 
are  shown  in  Fig.  2.1  and  in  Fig.  4.1.  Comparisons  are  based  on  PL  for 
shallow  sources,  18  m at  Site  C (Fig.  4.2)  and  91  m at  Site  B (Fig.  2.21). 
The  average  PI.  between  10  km  and  25  kra  for  the  two  sites  are  within  3 dB  of 
each  other  at  both  67  Hz  and  197  Uz.  At  both  frequencies  the  loss  at 
Site  B averages  78  dB,  and  at  Site  C,  75  dB.  Beyond  the  direct  path  range 
(25  to  30  km),  PL  increases  to  90  dB  at  both  sites. 

(C)  The  direct  path  PL  at  Site  E.N  (Figs.  3.8  and  3.9)  in  the  Western 
Philippine  Basin  is  similar  to  the  PL  at  Site  B.  Between  10  km  and  25  km 
the  PL  at  Site  EN  averages  78  dB  at  both  67  Hz  and  197  Hz.  The  PL  also 
drops  below  90  dB  beyond  the  direct  path  range  of  Site  KN  (30  km  to  35  km). 
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FIGURE  6.10 

PROPAGATION  LOSS  WITH  CAUSTIC  FORMATION  AT  25  Icm  (U) 

CHURCH  STROKE  U . SITE  B 
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(C)  signal  excess  was  also  measured  during  CHURCH  STROKE  II.  The 
processing  bandwidth  for  the  measurements  was  147  mHz.  A 155  dB/Zn^a 
source  level  at  Site  B (Figs.  2.23  and  2.24)  results  in  16  to  17  dB  signal 
excess  at  67  Hz  and  25  to  26  dB  signal  excess  at  197  Hz  for  ranges  less  than 
25  km.  Beyond  25  km,  a 165  dB  source  level  yields  14  to  15  dB  signal 
excess  at  67  Hz  and  20  dB  at  197  Hz.  At  Site  C,  within  25  kra  a 174  dB 
source  level  produces  25  dB  signal  excess  at  67  Hz  and  35  dB  at  197  Hz 
(Fig.  4.3  and  4.4).  At  Site  EN  a 174  dB  level  results  in  25  to  27  dB 
excess  at  67  Hz  and  33  dB  at  197  Hz. 

(C)  A minimum  source  level  witii  50%  probability  of  detection  can  be 
estimated  from  the  signal  excess  measurements.  if  the  ambient  noise  is 
assumed  to  be  wliite  Gaussian,  a minimum  required  s ignai-to-noise  ratio 
(S/N)  can  be  computed  based  on  a specified  false  alarm  rate  and  the  number 
of  equivalent  degrees  of  freedom.  The  ambient  noise  measurements  iiave 
approximately  14  to  16  equivalent  degrees  of  freedom.  For  a false  alarm 
rate  of  0.001,  a 50%  probability  of  detection  requires  a minimum  of  3 dB 
S/N  in  the  analysis  bandwidth.  Based  on  15  dB  of  signal  excess  for  a 155  dB 
source  level  and  tills  minimum  3 db  S/N,  143  dB  is  the  minimum  source 
level  witii  a 50%  probability  of  detection. 

(C)  Based  on  the  signal  excess  presented  above,  estimates  of  minimum 
detectable  source  levels  Ivave  been  computed.  A 151  dB  source  at  67  Hz 
lias  a 50%  chauv'e  of  being  detected  in  a 14  7 mHz  band  at  ranges  less  than 
25  km  from  any  of  tiie  tiiree  sites.  142  db  source  can  be  detected  at 
Bite  B.  At  19/  Hz  tlie  estimated  minimum  detectai>le  source  levels  are 
approximately  lu  db  below  tlie  6/  Hz  levels,  or  142  db  at  all  sites,  and 
133  db  at  Bile  b.  Tliese  results  liave  been  summarized  in  Table  Vl-1. 

(C)  i1ic  long  range  Fi.  data  from  Site  U has  been  compared  to  BFAKING  STAKE 
data.  Botii  areas  arc  bottom  limited  regions.  Fropagalion  to  Site  B, 

Figs.  2.8  througii  2.13,  is  ciiaracter isl  ic  of  a bottom  limited  region. 

The  long  range  FL  for  a 91  m deptii  source.  Fig.  o.li,  increases  with 
iucrvaslng  range  at  a rate  greater  than  that  of  cylindrical  spreading, 
because  of  losses  in  the  bottom.  .As  the  range  increases  from  iUO  km  to 
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FIGURE  6.13 
PROPAGATION  LOSS 
CHURCH  STROKE  D - SITE  B (U) 
SOURCE  DEPTH:  9!  m 
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(C)  300  km  the  25  Hz  losses  increase  from  87  dB  to  100  dB.  This  K^nerai 
increase  of  loss  with  range  was  also  seen  in  the  BEARING  STAKE  area. 

Fig.  6.14.  However,  at  BEARING  STAKE  Site  IB,  the  losses  increased  from 
about  90  dB  to  about  95  dB  over  the  same  range  interval.  Propagation  to 
CHURCH  STROKE  II  Site  B therefore  presents  a slightly  higher  increase  in 
loss  with  range.  This  is  consistent  with  the  higher  bottom  loss  values  at 
Site  B,  as  discussed  in  Section  6.1. 

(C)  As  source  depth  Increases  below  the  bottom  conjugate  depth  (the 
depth  where  the  sound  speed  equals  the  sound  speed  at  the  bottom),  the 
character  of  the  Site  B propagation  changes.  Convergence  zone  propagation 
is  seen  for  the  244  m source.  Fig.  6.15.  Propagation  loss  varies  as  much 
as  15  dB  between  the  convergence  zones  .*nd  the  shadow  zones.  Similar 
effects  were  nut  seen  in  the  BEARING  STAKE  data  because  no  sources  were 
below  the  bottom  conjugate  depth. 

(C)  Spectra  from  the  SUS  data  at  Site  B were  averaged  at  100  km  intervals; 
these  arc  plotted  in  Figs.  6.16  and  6.17.  For  both  the  91  m and  244  m 
source  depths,  the  Pi.  generally  increases  with  increasing  frequency. 

Between  0 km  and  100  km,  PL  at  both  source  depths  increases  about 

18 

6 dB/ociave,  whicii  is  more  rapid  tirin  was  seen  in  BEARING  STAKE  Site  IB. 
This  characteristic  changes,  how*ever,  will*  increases  in  range.  Between 
200  kra  and  300  km.  at  a source  depth  of  91  m,  the  low  frequency  falloff 
is  7.6  dB/oclave;  it  is  slightly  less  between  300  km  atid  400  km.  For  the 
244  m Stsurcc  ii»e  PL  at  l>lgh  frequencies  falls  off  at  6 dB/octave,  wiille  the 
low  frequencies  fall  off  less  rapidly.  Tt»e  BLARING  STAKE  data  from  Site  IB 
showed  this  same  characteristic  for  both  244  m and  91  m sources. 

(C)  At  Site  EN.  in  the  U'eslern  Philippine  Basin  where  depth  excess  exists, 
convergence  zone  propagation  predomijrates  for  all  source  depths,  Hg.  6. IS 
and  Figs.  3.10  through  3.14.  Other  areas  of  depth  excess,  such  as  the 
CHURCH  ANCHOR  and  PARKA  1 1 areas,  also  exhibit  convergence  zone  structure. 
In  these  three  areas  the  difference  between  convergence  zone  and  shadow 
zone  PL  is  at  least  7 to  15  dB.  At  aid-water  depths,  the  convergence  zone 
propagation  is  approxiirately  the  same  for  the  two  reglotts.  Beyond  IBO  km 
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AVERAGE  PROPAGATION  LOSS 

iSTANDARD  DEVIATION 


FIGURE  6.16 

RANGE  AVERAGED  SHOT  SPECTRA 
CHURCH  STROKE  n -SITE  B 91  m SOURCE  (U) 
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FIGURE  6.17 

RANGE  AVERAGED  SHOT  SPECTRA 
CHURCH  STROKE  H - SITE  B 244  m SOURCE  (U) 
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FIGURE  6.18 

CONVERGENCE  ZONE  PROPAGATION  LOSS  AT  197  H 
CHURCH  STROKE  E - SITE  EN  (U) 
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(C)  (100  nmi) , the  PL  to  Site  EN  from  sources  within  the  convergence  zone  is 
approximately  88  dB  at  197  Hz,  while  in  the  Northeast  Pacific  it  is 
approximately  90  dB  at  180  hz. 

(C)  Figure  6.19  presents  the  losses  to  Site  EN  from  sources  within  the 
convergence  zone  at  180  km  as  a function  of  receiver  depth.  In  the  bottom 
AOO  ra  of  the  water  column  the  losses  increase  with  depth  by  as  much  as 
15  dB.  When  compared  to  data  from  CHURCH  ANCHOR  (also  in  Fig.  6.19) 
this  increase  at  Site  EN  is  more  rapid  and  occurs  over  a smaller  depth 
interval;  the  increase  in  the  CHURCH  ANCHOR  data  begins  at  least  1000  m 
off  the  bottom. 

(C)  Thus  far  all  the  data  discussed  have  been  taken  with  the  source  within 
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the  'asin.  An  acoustic  model  study  conducted  prior  to  the  exercise 
predicted  complete  acoustic  blockage  by  the  bathymetric  ridge  along  the 
northern  boundary  of  the  Western  Philippine  basin.  Although  the  model 
runs  were  for  a site  400  km  to  the  south  of  Site  EN,  the  blockage  would 
also  be  ...edicted  for  Site  EN. 

(U)  The  .urcraft  SUS  event  at  Site  EN  extended  out  beyond  tiie  Oki  Ualto 
Ridge,  the  northern  boundary  of  the  basiti.  When  the  shots  were  detonated 
within  tiie  basin,  the  received  sign.tls  saturated  the  recording  system 
(Figs.  1.J5  ttirough  3.40).  At  a range  of  40U  km,  the  source  passed  over  the 
Okl  Uaito  Ridge  (Fig.  3.1).  Shots  detonated  beyotvd  tb.ls  range  were  not 
delected  at  the  recelvi-r  li>cation:  the  ridge  docs  effectively  block 

acoustic  propagal  lot,  from  shallow  sour-'v^^s  outside  the  basin,  as  predicted. 

(C)  1.*  sumary,  t.,.  PI.  within  the  CHURCH  STROKE  1 1 area  trow  sources  at 

short  ranges  tlU  to  .’S  km)  averages  78  db.  The  sign.-l  excess  measured 
during  the  short  range  events  gives  an  esitiaated  tainf*ium  del-?ciable  source 
level  of  liU  db//i;Pa  at  0/  Hz  and  l^U  db  at  19/  Ha  at  all  three  sites  for 
noise  levels  similar  to  theic  during  the  exercise.  Lung  range  PI. 
charac t er  1st Ics  in  the  bottom  limited  Pare>  ,*  Vela  basin  are  similar  to  those 
seen  in  the  Indian  ‘Aean,  «nd  are  noved  for  their  low  losses.  The  losses 

however,  are  approxlmaielv  5 db  greater  in  the  Parec.'?  Vela  Basin.  11»e  PL 
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FIGURE  6.19 

AVERAGE  PROPAGATION  LOSS  FOR  CHURCH  STROKE  II  SITE  EN 
AND  CHURCH  ANCHOR  SITES  (U) 
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(C)  in  the  Western  Philippine  Basin  is  approximately  equal  to  measurements 
from  the  north  Pacific.  Other  characteristics  of  those  regions,  such  as 
convergence  zone  structure  and  depth  dependence,  are  similar.  I'inally, 
propagation  to  the  sites  from  outside  the  CHURCH  STROKE  II  basin  was  not 
detectable. 

6. 3 Ambient  Noise 

(U)  This  section  compares  the  background  ambient  noise  levels  from  the 
Northeast  Pacific  (CHURCH  ANCHOR,  CHURCH  OPAL)  with  the  levels  at  Sites  B, 
C,  and  EN  of  CHURCH  STROKE  II.  The  levels  at  critical  depth  and  near  the 
bottom  are  examined  separately.  The  data  from  Site  C were  obtained  from 
a short  deep  array,  i.e.,  no  measurements  were  made  at  critical  depth. 

The  PAR  and  anemometer  data  at  Site  B were  examined  carefully  to  estimate 
wind  generated  noise.  The  low  signal  level  PAR  data  (at  lower  wind  speeds) 
were  rejected,  (>owever,  because  of  quality  problems  due  to  data  compression 
in  the  tape  recorder. 

(C)  'Hie  critical  depth  noise  levels  for  tlie  Northeast  Pacific  and  the 
Philippine  Sea  sites  in  Pig.  o.5  arc  super  imposed  in  Pig.  6.30.  These 
data  are  characteristic  of  siiipping  dominated  regions.  The  levels  peak 
around  30  Hz  decreasing  6 to  8 dB/octave  witii  increasing  frequency.  Tlie 
Philippine  Sea  data  falls  between  ilic  lowest  Northeast  Pacific  data  from 
CHURCH  OPAL  (Site  CO)  and  tlie  data  from  CHURCH  ftNCHOR  Sites  CAC  and  CAIK 
lt»  general,  ttic  tvoi^e  level  in  tlie  Northeast  Pacific  decreases  from  north 
to  south,  which  correlates  with  the  distribution  of  shipping  density. 

>S 

(U)  TT»e  nominal  shipping  density  in  the  Northeast  Pacific'  varies  from 
10  ships  per  S“  square  at  Site  CAD  to  7 at  Site  CAC,  A at  Site  CAA,  and 
3 at  CHURCH  OPAL  Sit«.  CO.  lire  observed  shipping  density  per  S'  square  in 
CHURCH  STROKE  11  at  SHe  ^ and  Site  C was  on  the  order  of  10  to  15.^^ 

At  Site  EN  the  density  was*  on  the  order  of  13.  Titese  density  numbers  are 
slightly  subjeeilve  aijd  vatlable.  In  those  cases  where  the  sites  lay  on 
a 5“  boundary  an  inter|i-,>l4t ion  between  S'  squares  was  made. 
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FIGURE  6.20 

BACKGROUND  NOISE  AT  CRITICAL  DEPTH  FOR  VARIOUS  PACIFIC  SITES  (U) 
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(U)  The  noar-bottorn  levels  are  shown  in  I’i^’,.  6.21  for  the  three 
Philippine  Sea  sites  and  the  CHURCH  OPAl.  site.  These  levels  represent 
near-minimum  conditions  during  whlcti  no  single  ship  appears  to  dominate 
the  spectrum.  The  exception  is  from  Site  C where  only  36  h of  data  were 
available  and  the  quietest  time  found  was  during  a period  when  a tanker  was 
known  to  be  50  nmi  distant.  The  CHURCH  OPAL  data  remains  as  the  lowest 
level  data  yet  recorded  on  an  ACOUAC- 


(C)  One  of  the  more  interesting  observations  in  regard  to  depth  dependence 
is  that  Sites  11  and  C were  bottom  limited  and  Site  KN  had  1000  in  of  depth 
excess.  This  observation  is  coupled  with  the  fact  that  ail  of  the  North- 
east Pacific  data  were  taken  from  areas  of  depth  excess  and  all  those  da^a 
show  decreasing  noise  levels  with  depth.  The  significant  point  is  that 
Site  B also  showed  a decrease  in  noise  level  witli  depth.  This  is  different 

from  the  Indian  Ocean  (HEARING  STAKE)  data,  also  bottom  limited,  which 

1 B 

exhibited  little  or  no  depth  dependence.  The  difference  lies  in  the 
shipping  densities.  The  BEARING  STAKE  5®  shipping  densities  vary  from 
149  at  Site  I to  93  at  Site  4.  In  the  Indian  Ocean,  tl\e  shipping  density 
is  much  higher  than  tliat  of  the  Philippine  Sea,  and  essentially  distant 
shipping  conditions  do  not  exist. 


(C)  A second  factor  which  may  contribute  to  the  depth  dependence  at 
Site  B is  the  mechanism  of  slope  coupling  of  noise  from  shipping  over  the 
sides  of  tile  basin  which  contained  Sites  B and  G (Figs.  2.1  and  4.1). 
Sources  above  the  slope.s  of  the  basin  would  be  expected  to  contribute 
relatively  little  energy  to  deep  uear-bot tom  sensors  in  the  middle  of  Che 
basin,  even  though  they  would  be  expected  to  be  important  at  midwater 
depths . 

(G)  It  should  be  noted  that  ambient  nolae  was  recorded  at  Site  EN  during 
the  passage  of  ‘lyptioon  Luey.  The  noise  levels  increased  25  dB  across  the 
spectrum  from  7 Hz  to  250  Hz  during  tiiis  time.  A detailed  discussion  of 
the  typhoon  data  was  presented  In  Chapter  3,  Section  3. 
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(U)  The  AN/cw  processor  is  a hardware/software  configuration  designed  to 
perform  a narrowband  analysis  over  a variable  frequency  range  handling 
large  volumes  of  data.  The  system  performs  five  functions:  A/D  conver- 

sion, spectral  estimation,  band  estimation,  editing,  and  display.  Param- 
eters such  as  bandwidth,  frequency  range  and  resolution,  and  integration 
or  averaging  time  can  readily  be  adapted  to  suit  different  applications. 
The  AN/cw  processing  flow  is  sliown  in  Fig.  A.l. 

(U)  The  basic  signal  processing  task  of  the  system  is  to  compute  and 
calibrate  a tjarrowband  spectrum  from  contiguous  time  increments  tiiroughout 
the  data  period  analyzed.  Currently,  an  8192-point  FFT  is  used  to  provide 
a frequency  resolution  of  U.147  Hz  for  the  frequency  range  of  10  to  600  Hz 

(U)  The  ambient  noise  spectra  can  be  time  averaged  over  a selected  period 
and  can  be  output  as  narrowband  and/or  ntii  octave  band  time  series. 

Various  statistical  algorithtas  are  available  to  furnist:  the  information 
required  to  perform  an  analysis  of  ti>e  acoustical  data. 

(U)  Tile  cw  analysis  is  acliieved  by  using  the  calibrated  narrowband 

spectra  to  estimate  tlie  signal  powt-r  in  a given  frequency  band,  tiie 

spectra  are  first  averaged  for  a 1 min  period;  from  tiiesc  averages,  two 

types  of  band  estimates  are  obtained.  For  eacli  cw  signal,  a narrow  band 

(‘.J.5  Hz)  centered  about  tlic  source  trequency  Is  searched  for  its  spectral 

peak,  and  then  the  signal  power  in  a narrower  band  (.0.22  Hz)  centered 

about  tills  peak  Is  determined.  Peak  tracking  is  used  to  compensate  for 

any  Doppler  variation  in  source  frequency  tiiat  migiit  occur.  Ttie  second 

type  of  band  estimate  determines  tlic  ambient  noise  power  In  a wider  band 

(4  H.'*.)  associated  wllli  eacli  source  frequency.  in  ciimputing  propagation 

A.l. A. 2 

loss,  tlte  signal  power  Is  corrected  for  tlie  noise  power  component . 

An  algorltiim  Is  used  to  minimize  tiie  effects  of  sliipplng  interference  and 
short-term  nonstationarities  that  often  contamliute  data  of  tills  type. 
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FIGURE  A.1 

ARL:UT  AN/cw  PROCESSOR  FUNCTIONS 
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(U)  The  third  task  performed  by  the  AN/cw  processor  is  to  automatically 
edit  the  reduced  data- for  artifacts  and  contamination  from:  (1)  environ- 

mental effects  such  as  biological  and  seismic  noise;  (2)  exercise  effects 
such  as  conflicting  sources  (SUS),  source  level  fluctuations,  source  timing, 
and  shipping  noise;  and  (3)  receiver  and  recording  system  effects.  The 
techniques  and  algorithms  used  in  the  editing  phase  are  computerized. 

These  algorithms  provide  calibrations,  data  quality  indicators,  adaptive 
filters  for  octave  and  narrowband  noise  estimators,  peak  tracking,  and 
corrrection  of  artifacts. 

Processor  Outputs 

(U)  The  following  outputs  of  the  AN/cw  processor  are  available  for 
analysis: 

1.  ambient  noise  spectra  in  narrow  and/or  octave  bands, 

2.  cw  signal  power,  noise  power,  and  S/N  estimates  in  narrow 
frequency  bands,  and 

3.  propagation  loss  (PL),  noise  power  estimates,  and  S/N  estim.  tes 
versus  range  and/or  time. 

(U)  An  example  of  the  cw  propagation  loss  display  used  in  this  report 
is  shown  in  Fig.  A. 2.  Each  plotted  point  is  derived  from  an  average 
spectrum  over  2 to  4 consecutive  minutes.  Points  are  connected  when  they 
come  from  successive  averaging  intervals.  Because  of  source  cycling 
(10  min  on,  5 min  off)  in  this  example  from  BEARING  STAKE,  there  are 
frequent  breaks  in  the  connecting  lines.  In  addition,  points  are  deler  d 
when  the  signal  excess  is  less  than  6 dB. 
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(U)  The  general  flow  of  the  ARL:UT  SUS  propagation  loss  processing  is 
shown  in  Fig.  B.l.  The  basic  inputs  are  the  analog  tapes  froin  the  ACODAC 
recordings,  SUS  detonation  times  and  depths,  and  navigation  information. 
The  primary  outputs  are  propagation  loss  and  S/N  in  each  of  the  1/3  octave 
bands  from  12  to  600  Hz  and  in  one  octave  bands  at  12.5,  25,  „nd  50  Hz. 

(U)  Before  digitizing  the  data,  a quality  assessment  of  the  ACODAC 
tapes  is  performed.  At  this  time  decisions  are  made  as  to  which  channels 
can  be  processed  and  potential  problems  are  noted. 

(U)  As  soon  as  navigation  and  source  information  are  available,  programs 
are  run  to  calculate  the  source-to-receiver  range  and  expected  arrival 
time  for  each  shot.  These  programs  provide  timing  inputs  for  the  analog- 
to-digital  (A/D)  conversion  program.  Typically,  a 50  sec  time  segment 
starting  about  15  sec  prior  to  the  expected  arrival  time  for  each  shot  is 
digitized.  An  identification  record  is  output  along  with  the  time  series 
indicating  the  source  depth,  detonation  time,  and  range  from  source  to 
receiver. 

(U)  Two  channels  of  SUS  data  are  digitized  simultaneously,  with  12  bits 
from  each  of  the  two  channels  packed  into  one  word.  At  the  same  time,  the 
predeployment  calibration  signals  are  digitized  and  later  processed  to 
provide  calibration  factors  for  the  digital  SUS  data.  Knvelope  plots 
of  the  type  shown  in  Fig.  B.2  indicate  that  the  arrivals  are  indeed  within 
the  window  of  digitized  data,  and  give  an  idea  as  to  which  shots  may  be 
detected . 

(U)  A computer  program  is  then  used  to  detect  the  shot,  determine  its 
duration,  and  compute  its  Fourier  spectrum.  A noise  spectrum  is  obtained 
using  the  first  6.8  sec  of  the  time  segment  containing  the  siiot,  which  is 
then  used  to  correct  the  shot  energy  in  each  frequency  band.  Calibration 
factors,  ACODAC  gain,  and  ARL:UT  gain  applied  at  conversion  time  are  Chen 
taken  into  account  in  assigning  a calibrated  propagation  loss  value  for 


209 

UNCLASSIFIED 


I.II  L1„ 


UNCLASSIFIED 


FIGURE  B.l 

SUS  PROPAGATION  LOSS  PROCESSING  FLOWCHART 
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(U)  each  frequency  band.  These  values — noise  level  and  S/N  in  eacli  frequency 
band,  detection  time,  shot  duration,  peak  level  and  its  time  of  occurrence, 
and  both  the  shot  and  noise  transforms — are  output  on  digital  tape  for 
each  shot. 

(U)  Additional  programs  are  used  to  display  the  data.  The  primary  display 
is  propagation  loss  versus  range  for  a given  source  and  receiver  depth 
and  frequency,  as  shown  in  Fig.  B.3.  Additional  displays  include  travel 
time  from  source  to  receiver,  sound  speed  estimates,  shot  and  noise  spectra, 
noise  or  S/N  versus  range,  range  averaged  propagation  loss,  and  differences 
in  propagation  loss  or  S/N  as  a function  of  hydrophone  depth  or  frequency. 
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X:  S/N>3dB 
+ ; OdB^S/N^dB 
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FIGURE  B.3 

PROPAGATION  LOSS  versus  RANGE  PLOTS 
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(U)  The  bottom  loss  processing  system  is  designed  to  compute  bottom  loss 
from  recorded  multibounce  SUS  data.  There  are  tliree  elements  of  the  system. 
First,  there  is  the  signal  processing  element,  which  is  concerned  with 
obtaining  calibrated  spectral  levels  for  time  resolved  signal  components; 
this  is  done  using  fast  Fourier  transform  analysis  of  the  digitized  data. 
Second,  there  is  a signal  modeling  element,  which  is  concerned  with  inter- 
preting and  predicting  the  observable  signal  components;  for  the  current 
work,  this  is  done  using  a ray  theory  model  based  on  careful  calculation 
of  eigenrays.  Finally,  there  is  an  element  of  the  system  which  integrates 
the  signal  measurements  and  the  model  predictions  and  accomodates  small 
timing  discrepancies  due  to  measurement  errors  or  propagation  fluctuations; 
this  is  achieved  by  a combination  of  computer  programs  and  manual  inter- 
vention. 

(U)  The  general  flow  of  the  ARL:UT  multipath  processing  system  is  shown 

in  Fig.  C.l.  The  basic  inputs  are  the  analog  tapes  from  the  ACODAC 

recorders  and  the  associated  ancillary  data.  The  ancillary  data  includes 

SUS  detonation  times  and  depths,  navigation  inputs,  sound  velocity  profiles, 

and  bathymetry.  Bottom  losses  are  computed  in  all  1/3  octave  bands  from 

21  Hz  to  600  Hz  and  one  octave  bands  at  12,  25,  and  50  Hz,  and  are  stored 

in  digital  form.  Most  of  the  data  presented  in  this  report  are  from  the 

25,  50,  100,  200,  and  400  Hz  bands.  The  source  levels  used  were  those 

C.l 

reported  by  Gaspin  and  Shuler. 

(U)  The  initial  processing  of  the  ACODAC  tapes  includes  a quality 
assessment  and  a data  survey.  During  this  time,  the  ancillary  data  are 
used  to  compute  time  windows  for  accepting  digital  data  containing  the  shot 
arrivals.  Usually,  the  time  window  is  50  sec  long  and  begins  approximately 
15  sec  before  the  expected  shot  arrival.  The  data  window,  together  with 
information  such  as  shot  depth  and  range,  are  stored  on  magnetic  tape, 
together  with  appropriate  ancillary  information.  The  predeployment  cali- 
bration signals  (header  calibrations)  are  digitized  during  the  same 
operation  and  then  processed  to  provide  calibration  factors  for  the 
digital  SUS  data. 
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(U)  In  parallel  with  the  conversion  and  display  of  the  data,  computations 

are  made  to  determine  the  ray  path  arrivals  from  each  shot.  These  are  made 

using  a computer  program  which  determines  the  eigenrays  connecting  the 

C.  2 

source  and  receiver.  These  computations  assume  that  the  bathymetry  and 
sound  velocity  structure  do  not  vary  with  range.  Within  a selected  arrival 
window  (usually  10  sec),  all  of  the  eigenrays  are  determined  to  within  1 m 
in  range.  That  is,  the  root-finding  iterations  to  find  each  ray  are 
terminated  when  a ray  is  found  which  leaves  the  source  and  passes  through 
the  receiver  depth  at  a range  within  1 m of  the  source  range.  Thus,  the 
signal  travel  timing  along  each  ray  is  determined  to  better  than  1 msec. 

This  information  is  then  stored  on  a digital  magnetic  tape. 

(U)  To  reconcile  the  modeled  and  the  measured  arrival  structure,  the  ray 
arrival  structure  is  plotted  to  the  same  scale  as  the  high  resolution  plots. 
The  one  manual  step  in  the  multipath  processing  system  uses  these  two 
plotted  displays  in  conjunction  to  verify  that  the  modeled  arrival  structure 
is  adequate  to  represent  the  measurement  and  to  correct  for  timing  errors 
due  to,  for  example,  detonation  time  uncertainties.  Figure  C.2  gives  an 
example  of  agreement  typically  observed  between  the  ray  predictions  and  the 
measured  signal.  In  practice,  the  manual  task  is  to  verify  such  agreement, 
and  then  to  record  the  first  and  last  ray  indices  and  the  times  in  tlie 
signal  at  wliich  good  agreement  has  been  found.  For  example,  in  Fig.  C.2 
it  was  noted  that  there  was  good  agreement  from  ray  1 at  16.2  sec  to  ray  22 
at  22.8  sec.  This  information  is  then  input  to  a subsequent  computer 
operation  referred  to  as  "splitup". 


(U)  The  task  of  splitup  is  straightforward:  to  specify  the  time  intervals 
in  the  digital  data  containing  groups  of  multipath  arrivals  and  to 
associate  with  these  intervals  the  bottom  reflection  angle,  the  number  of 
reflections,  and  the  reference  propagation  loss.  The  reflection  angle  is 
defined  as  the  average  bottom  angle  of  the  rays  within  the  time  interval. 
The  reference  propagation  loss  is  computed  by  coiierently  summing  the 
contributions  of  the  rays  within  the  time  interval  and  averaging  over  the 
one  or  1/3  octave  bands  used.  This  computed  loss  assmues  that  the  ocean 
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(U)  bottom  Is  perfectly  reflecting  and  that  the  ocean  surface  is  a pressure 
release  boundary.  The  difference  between  the  reference  and  measured 
propagation  losses  is  then  attributed  to  a bottom  loss  mechanism.  In 
Fig.  C.2,  the  time  intervals  computed,  together  with  some  of  the  associated 
information,  are  shown. 

(U)  Finally,  the  information  from  the  splitup  operation  is  input  to  the 
spectral  measurement  program  which  computes  the  Fourier  transform  and 
the  calibrated  propagation  loss  (and  bottom  loss)  for  each  of  the  arrivals. 
This  Information  is  stored  on  digital  tape  for  subsequent  display  and 
analysis.  Figure  C.3  presents  the  power  spectra  for  the  first  nine 
arrivals  in  Fig.  C.2.  Figure  C.4  presents  the  individual  bottom  loss 
measurements  at  25  Hz  and  100  Hz  for  one  SUS  run,  and  Fig.  C.5  presents 
averaged  bottom  loss  at  25,  50,  100,  200,  and  400  Hz  for  the  same  SUS  run. 

(U)  A more  detailed  discussion  of  the  bottom  loss  processing  system  can 
be  found  in  Ref.  C.3. 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
875  NORTH  RANDOLPH  STREET 
SUITE  1425 

ARLINGTON  VA  22203-1995 

IN  REPLY  REFER  TO: 


5510/1 

Ser3210A/011/06 
31  Jan  06 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1)  List  of  DECLASSIFIED  LRAPP  Documents 

1 . In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


BRIAN  LINK 
By  direction 
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ONR  32B  (CAPT  Paul  Stewart) 

ONR  3210A  (Dr.  Ellen  Livingston) 

APL,  U of  Washington 

APL,  Johns  Hopkins  University 

ARL,  Perm  State  University 

MPL  of  Scripps  Institution  of  Oceanography 

WHOI 

NAVSEA 

NAVAIR 

NUWC 

SAIC 
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